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“Volume 87, page 93, Figure 1. Invert figure to place the longer at the 
bottom with the vertical white lines for both descending from the top.” 

“Volume 87, page 125, Table I. In the third column headed 2 ngm. acetyl- 
choline hromide the bracket including compounds 4 to 10 should be divided into 
two brackets, one including compounds 4 to 8, the other compounds 9 and 10.” 




ALTERATIONS IN REPRODUCTR^ FUNCTIONS OF WHITE RATS 
ASSOCL^TED WITH DAILY EXPOSURE TO NICOTINE’ 

C H THIEXESS CHARLES F. LOMBARDS FRED J. FIELDING, A. J. LESSER, 
AND M. J. ELLENHORN 

Dcparlmcnt of Pharmacology, School of Medicine, University of Southern California, 

Los Angeles 7, California 

Most clinical and experimental reports favor the conclusion that chronic 
tobacco or nicotine poisoning is detrimental to reproductive processes. There 
are a fen* investigations, however, which contradict this conclusion. Critical 
examinations of the papers available reveals that many of the studies were poorty 
controlled or were limited to too few cases to permit statistical evaluation 
because of marked indh-idual variations. The experiments reported herewith 
were planned in an attempt to obtain more dependable data bearing on this 
subject by using enough animals (3848) and proper design of experiments to 
permit statistical analysis. These experiments clearly show that nicotine inter- 
feres with the reproductive process. 

Review of LiTERATtiHE. Ferlility. Support for a current opinion that 
tobacco has an effect upon the reproducth'e process in human beings is limited 
to statistical studies among women working in the tobacco industry (1, 2, 3, 4), 
to general observation (5, 6, 7, 8), and to isolated case reports (9). It would 
seem that social and economic conditions were factors of at least as much im- 
portance as tobacco in reducing the fertility of the workers. However, Phillips 
(9) established a correlation between smoking and immotility of sperm in a 5mung 
man; cessation of smoking was followed by appearance of motile sperm. Re- 
sumption of smoking was followed by immotility of sperm and again cessation 
was followed by return of motile sperm. 

Administration of tobacco, tobacco smoke, or nicotine to experimental animals 
was associated with abortions, permature births and stillbirths (10, 11,12, 13, 14), 
decreased number of jmung bom (13, 15, 16, 17, 18) or complete sterility (13, 19). 
One experimenter (Nice, 20) reported an increased fertility on the basis of results 
from groups of 3 to 6 animals. 

Eslnis cycle. Small but toxic doses had no effect on the estrus cycle (21, 22, 
23, 24)'' but larger doses decreased or abolished estrus (19, 25). Wilson and 
De Eds (26) noted a decrease in frequency of estrus of rats fed nicotine in various 

'AprcUmmarj report appeared in the J. Pharmacol, and E\p. Therap., 60: 100 (Proc), 
1037. 

* With the technical assistance of Florence Buel, Walter Buel, Carl Haase, Clenton Holt, 
Robert Sedgemck, and George Tanbara, appointees of the National Youth Administration, 
and of Grace E. Mascher. Supported in part by W P A Project number 165-1-07-231. 

’ Part of this report is taken from a thesis presented by Charles F. Lombard to the Grad- 
uate School in partial fulhllment of the requirements for the Ph D. degree. 

* A typographical error appears on p. 114 of the paper by Behrend and Thienes (22). 
The maximum dose was 0.05 cc. of the 1 per cent solution, rather than 0 5 ec as printed in 
the report. 
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forms, but control experiments indicated that decrease in frequency of estniswas 
due to decreased food consumption. 

Pathological changes in geniial tract. The only statement found relative to the 
human ovary is that of Sajous (27) that the ovary “of the female habitud 
shrivels into a small kernel, hard and yellow.” In experimental animals, atrophy 
of the ovarj’ (19, 28) and of the testis (24, 29, 30) have been noted. Staemmler, 
who observed atrophj’ of the testis (29), could recognize no injuiy to the ovarj' 
(31). Inflammatorj' and degenerative change in the female reproductive tract 
have been reported (15, 32). 

Experimental, ifethods. Three separate experiments were performed. Procedures 
common to all the e.xperimcnts will be described first , followed by special procedures for each 
experiment. 

General procedures. Albino rats from the departmental inbred colonj' were used. Those 
were kept in a room with temperature thermostatically controlled at from 26 to 2S degrees 
C., except on especially warm days when the temperature sometimes rose to 30 degrees. 
Each cage contained one control pair and one test (nicotine) pair, separated by a hardware 
cloth partition. Tap water and food were available to the rats throughout 24 hours. 

The standard diet had the following formula: yellow corn meal 40 parts, ground whole 
wheat 28 parts, dry skim milk IS parts, alfalfa meal 4 parts, linseed meal 6 parts, cod liver 
oil 2 parts, dried brewer’s yeast 1 part, fish meal 1 part, sodium chloride 0.5 part, and cal- 
cium carbonate 0.5 part by weight . The standard diet was supplemented with twice weekly 
feedings of about 10 grams of fresh liver per adult rat. .A few leaves of lettuce or other 
green food were placed in the cages tnice weekly. 

Control rats received early morning and late afternoon subcutaneous injections of 0.9 
per cent sodium chloride solution and test rats received subcutaneous injections of varying 
dilutions of nicotine base in 0.9 per cent sodium chloride solution. The site of injection was 
rotated. 

Records of weights of all rats were made weekly as well as the weights and number of 
each sex of young at birth and at weaning. The young were weaned one calendar month 
after birth. 

Special procedures for each experiment. Experiment 1. On September 29, 
1936 a large number of control and test male and female rats of approximatelj' 
60 days of age were selected. The sexes were kept separate and injected ivith 
0.25 cc. per 100 grams bodj' weight of saline (controls) or of 0.1 per cent nicotine 
in saline (test animals) respectivelj', subcutaneoiish', twice dailj'. In this 
experiment, an attempt was made to keep the nicotine dosage just below the 
commlsive dose, according to the susceptibilitj' of the individual rats. The dose 
varied between 1.5 and 2.5 mg. per kilo. Tolerance development was rapid, so 
that most rats received the higher dose after one month. 

On October 18, 1936, 25 control pairs and 23 test (nicotine) pairs from this 
group of rats were mated and injections continued. For this experiment, litter 
mates were not used, but control and test pairs were matched as closelj" as pos- 
sible on the basis of bodj- weight. Male and female were kept together through- 
out the experiment, in cages with h inch mesh hardware cloth floors. The parti- 
tions separating the control from the test pairs was of -J- inch hardware cloth. 
A few days before anticipated birth of young, metal nesting boxes 6 x 45 x 2 
inches in size containing shavings were placed in the cages. Babj' rats occasion- 
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ally escaped from these nests and fell through the hardcloth floors into the pan of 
sawdust below. A nmnber died from exposure when this occurred at night, and 
were found and a record made in the morning. 

Shortly after injections were started the rats began to die from broncho- 
pneumonia and examination showed this to be associated ndth an infestation of 
mites, many of which had migrated into the lungs. Two treatments of the rats, 
a week apart, ivith a bath of S.A.E. 20 lubricating oil, and scrupulous care of the 
rats kept them free of mites subsequentlj'. 

Between March 13 and iSlarch 30, 1937, the males were lulled with ether and 
various organs were removed for study. Injection of the females was continued 
until all pregnant animals had delivered and weaned their young. As the estrus 
cycle was re-established, the females were killed during anestrus and organs 
obtained for study. The data obtained from organ studies will be reported 
separately in a future communication. 

Experiment 2. Because of the difficulties encountered in Experiment 1, due 
to the mite infestation and the loss of j'oung through the hardware cloth cage 
floors, the experiment was repeated and extended with the following modification 
of method. A commercial flj’ spray, containing pyrethrins and organic isothio- 
cyanates in petroleum distillate, was sprayed upon the cages after cleaning and 
upon the rats after returning to the cleaned and sprayed cages at weekly intenals. 
This practically eliminated mites from the colony and the incidence of pneumonia 
was greatly reduced.® To avoid accidental loss of young, the hardware cloth 
bottoms of the cages were removed and the rats were nested in sbaxungs in 
removable pans at the bottoms of the cages. 

Follm^ring June 14, 1938, adult test rats were injected vith 0.1 cc. of 1:500 
solution of nicotine in phj'siological saline per 100 grams body weight tnice daily 
and litter mate controls were injected with corresponding volumes of saline 
solution. Since in this experiment it was desired to studj’ effects of nicotine on 
succeeding generations, each litter bom of these parent rats was dhided as 
evenly as possible into two groups of each sex at about the age of 10 days, at 
which time there was enough hair to permit marking each bab}" rat with picric 
acid solution. The young were then injected with either nicotine solution or 
saline alone. These receding nicotine weie painted with picric acid over the 
caudal portion of the back and the control young were painted on the neck. 
The nicotine dose for the young was 0.001 cc. of 1:1000 nicotine solution per 
gram body weight and corresponding volumes of saline solution were injected 
into the controls. Young rats were weaned at the age of 4 weeks and injections 
were continued. The dose was increased 50 per cent when the young rats grew 
to 100 grams body weight and again increased to the adult dose of 0.1 cc. of 
1 :500 solution per 100 grams when a weight of 150 grams was attained. 

.4.t the age of approximately three months, the brother and sister, or cousin, 
male and female young were placed in cages for mating and injection, during 
October and isovembor, 1938. Controls and nicotine injected pairs were litter 

‘ A more extensive report ot the use of fly spray for protection of rats is to be published 
later 
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mates. There were four groups of these second generation rats, as follows: (1) 
nicotine injected young from nicotine injected parents, designated as group N.X.; 
(2) nicotine injected young from control parents, designated as group C.N.; (3) 
control young from control parents, designated as group C.C.; and(4) control 
j'oung from nicotine injected parents, designated as group X.C. Tlius, in the 
symbols for the second generation groups the first letter refers to the parent 
group and the second letter to the second generation group. There were 20 
pairs of rats in each of the second generation groups. An early death of a rat of 
the X.N. group due to accidental overdose inth nicotine, reduce the number of 
pairs to 19. This e.vperiment continued for a period of 10 months. 


TABLE 1 

Fertihty of control and nicotine injected rots 



UVE 


COVTIOLS 

NTCOTXVt IVJEdTD 

Tot^l 

pairs 

Non* 

fer- 

tile 

pairs 

Per cent 
Tion- 
fertile 

Tots! 

pairs 

Non 

fer- 

Ule 

pairs 

Per cen 
non- 
fertile 

Experiment 1 

1 

0-59 days 

4 

3 

75.00 

9 

4 

33.33 


2 

60-179 days 

26 

2 

7.69 

24 

4 

16.66 

Experiment 2 


CC 

20 

2 

10 00 






CN 




20 

7 

35.00 



XC 

20 

5 







NX 




19 

5 

26.31 

Experiment 3 

1 


46 

12 


39 

17 

43.59 

Grand total 

8 


116 

24 

20.69 

111 

37 

33.33 

Grand total less line 1 

9 


112 

21 

18 75 

102 

m 


Grand total less lines 1, 5, and G 

10 


92 

16 

17 39 

83 

28 

33.73 


Experiment 3. For this experiment, litter mates were used for control and 
test groups, and brother-sister or cousin matings were employed. There were 
46 control pairs and 39 nicotine-injected pairs. The experiment differed from 
e.xperiment 2 in three important variables: (1) no diet supplement of liver and 
greens was given; (2) injections were given over a period of one year (Oct. 4, 1941 
to Oct. 4, 1942): and (3) no injections were given during lacatation, in order to 
control a possible factor in mortality of smung, to be reported on in a subsequent 
paper. 

Results. Fertile vs. non-fertile pairs. Table 1 summarizes data on number 
of pairs found to have one or more litters as compared with pairs from which no 
litters were found. It is apparent from line 8 of the table that onlj' 20.69 per 
cent of all control rats were non-fertile whereas 33.33 per cent of nicotine treated 
rats failed to bear young. 
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Elimination of data from parent rats which died during the first two months 
of experiment 1 (line 1, table 1) resulted in even more striking differences. Line 
9 shows that there were 18.75 per cent non-fertile control pairs and 32.35 per 
cent non-fertile nicotine-injected pairs among the animals tested for more than 
60 days. That these differences are statistically .significant is indicated by a 
Chi square value of 19.5 when calculated from the formula 

_ (ad)- (a -f 5 -f c -f d) 

“ (a -f 6) (c -{- d) (b -f d) 

where a, b, c, and d represent the figures shoum in table 2. Since a Chi 
square value of 6 indicates not more than one chance in 100 that the differences 


TABLE 2 

Data of Itne 9, table 1 arranged Jot calculation of Chi square 


tseahieht j 

Txamx paibs 

KON TEBTILi: BAIXS 

TOTAL 

Controls 

(a) 91 

(6) 21 

112 

Nicotine 

(c) 69 

(d) 33 

102 

Total ^ 

160 

54 

214 


TABLE 3 


Re-arrangemenl of table 9 for calculation of X® = S 


U - 
T 


A 

T 

A-T 

M - T)' 

T 

a 91 

83 7 

7 3 

63 

b 21 

28 3 

-7 3 

1.86 

c 69 

I 75 6 

-6 6 

58 

d 33 

25 4 

7 6 

2 86 



are due to random sampling, the value of 19.5 indicates a very high probability 
of the differences being significant (33, 34). Using table 3, Chi square is calcul- 

(A yw 

ated by the formula = 2 - — c by the method suggested by Mainland (35) 

and a value of 5.93 is obtained; this represents a probability of between 0 02 and 
0.01, which is veil vithin the range of accepted statistical significance. 

Elimination of second generation rats (NC and NN, lines 5 and 6, in table 1) 
from nicotine-injected parents further increases the differences in non-fertility 
between control and nicotine-injected animals (17.39 per cent i>s. 33.79 per cent). 

Nimber of inters. Table 4 summarizes the data on the influence of nicotine 
poisoning on the fertility of rats as measured by the numbers of litters bom. In 
order to compare the different experiments, each of which was of different dura- 
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tion, tile “litter index” for each group of rats ivas calculated. To make this 
calculation, the number of rat days was first determined by adding together the 
number of days during which the individual rats of each group were exposed to 
the experimental conditions. The litter index then is the quotient of the number 
of litters divided by the total number of rat days. 

In Experiment 1, there seems to have been no influence of nicotine on the litter 
index. Discarding figures from rats which died during the first 2 months of the 
experiment, had no significant effect on the ratios. However, in Experiments 2 
and 3, which were more extensive, both as to number of rats and as to the dura- 
tion of the experiment, the litter index of the nicotine treated rats was appro.xi- 
mately two-thirds that of the controls. 

The figures for the second generation rats in Experiment 2 indicate an effect of 
nicotine received from the mother rats during gestation and the nursing period. 
Rats (NN and NC) from nicotine treated parents had fewer litters than rats (CC) 

TABLE 4 


Relation of chronic nicotine poisoning of tchite rats to number of litters bom 


ZXPERl* 

VEST 

mi 

CONTROL lUTS 

' 1 

1 KICOTISX-POISONXD RATS 

■ 

Number of 
pa>T5 of 
pireot rots 




Number of 
ja\n of 
parent rats 

Number 
of litters 

ToUl rat 
days 

Litter 

index 

1 

B 

30 

49 

3430 

.014 

31 

42 

2993 

.014 

2 

CC 

20 

GS j 

5417 

.013 


i 




CN 1 





20 

28 

5187 

.0054 


NC 

20 

48 

5524 

.0087 






NN 





19 

44 

5126 

.0086 

3 

i 

50 

171 

! 18,190 j 

.0094 

49 

1 

97 

' 17,395 

.0056 


from control parents. There seemed, however, to be no significant difference 
between nicotine-injected rats (NTT) of nicotine-injected parents as compared 
with control rats (NC) from nicotine-injected parents. 

Further evidence for development of nicotine-resistance of progeny during 
nicotine injections in parent rats is the litter index (0.0086) for nicotine-injected 
rats (NN) from nicotine-injected parents which is higher than the litter index 
(0.0054) for nicotine-injected rats (CN) from control parents. 

In Experiment 3, the relations are verj' similar to those of the corresponding 
groups (CC and CN) of Experiment 2. 

In table 5, the litter index was calculated for only those rats which had one or 
more litters. Non-fertile rats, therefore, were not considered in these calcula- 
tions, in order to determine effects of nicotine on rats knouai to be capable of 
bearing young. Furthermore, data from rats which died during the first two 
months of Experiment 1 are not included in table 5. Table 5 indicates a detri- 
mental effect of nicotine upon the litter index of fertile rats not onh' of Experi- 























CHEONIC NICOTIXE POISONING 


7 


ments 2 and 3, but also of Experiment 1 . It further demonstrates nicotine toler- 
ance in second generation rats. 

The statistical analysis of the data indicates a high degree of probable signi- 
ficance of the differences between control and nicotine injected rats. The results 
of the statistical calculations are shown in table 8. The method of calculating 
“t” and “P” is that described by Fisher (34). For this purpose, the litter indices 


TABLE S 

Number of inters bom to control and to nicotine-poisoned fertile white rats 




COKTSOLItATS 

jnCOTlKE-POlSOSi:!) SATS 

tXPEXl- 










itENT 


Number of 




Kum^r of 

Number 

Total rat 

Litter 



pairs 
of parents 

of Utters 

days 

index 

1 of parents 

of litters 

; days 

j index 

1 


23 

48 

2921 

.0163 

IS 

37 

2132 

1 

.0126 

2 

CC 

18 

68 

4857 

.0140 






CN 





14 

28 

3731 

.0075 


NC 

15 

48 

4153 

.0110 






NN 





14 

44 

3831 

.0115 

3 


37 

171 

13,445 

.0127 

29 

97 

9969 

.0097 


TABLE 6 


Number of progeny of control and nicotine-poisoned while rats 


rxpzxi- 

iCEKr 


COSTiOL SLATS j 

KlCOlDJE-POlSOKtD JtATS 

Number of 
pairs of 
parent rats 

Number 
; of young ' 

: Total rat 
days 

: Progeny 
index 

Number of j 
pairs of 
parent rats 

Number 
of young 

Total rat ; 
diys 

Progeny 

index 

1 

1 

26 

307 

2921 

0.103 

22 

258 

2132 

0.121 

2 

CC 

20 

467 ' 

5417 

0.0S6 






CN 

j 




20 

195 

5187 1 

0.03S 


NC 1 

20 j 

2S4 1 

5524 1 

0.051 



1 



NN 

i 


1 


19 

257 

i 

5126 1 

0.050 

3 


50 

llOS 

18,190 

0.061 

49 

610 

17,395 

0.037 


for each pair of rats, rather than the indices calculated for the total group 
supplied the data for the calculations. Any value for P greater than 0.5, 
indicating one chance of error due to sampling in 20 samples, is of doubtful 
significance. 

Numbers of young born. The “progenj' indices” of control and nicotine poi- 
soned rats of each experiment were calculated by dividing the total number of 
young bom by the total number of rat days for each group in each of the three 
experiments. Table 0 gives the figures calculated from all rats (fertile and non- 
fertile) and table 7 for only the fertile rats. The trends are the same in each 
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table, “t” and “P” values are given in table 8. It is apparent that the progeny 
indices demonstrate about the same relation of nicotine poisoning to fertility as 
do the litter indices of tables 4 and 5. This statement applies to both first and 
second generation rats. 

Discussion. That chronic exposure to nicotine is associated vuth a decrease 
in reproduction seems clear from these experiments. The dose was relatively 
large, since it frequently caused con\ailsions in some of the rats with death of 
a few, and was therefore scarcely comparable to amounts which would be re- 
gularly absorbed from the use of tobacco in smoking or chewing or as an insect- 
dde. Lombard (36) has pointed out that the relative daily dose injected into 
rats in these experiments would correspond to the maximum amount of nicotine 
which could be absorbed by a human subject from 40 average eigarets during 
smoking, assuming the same sensitivity in rat and man. However, it is possible 
that man is more sensitive to the toxic effects of nicotine than is the rat; in view 


TABLE 7 

Numbers of progeny of control and nicotine-poisoned fertile white rats 


EXPXtX- 

UCKT 

1 

COKTSOtJlATS ' 

KTconKr*rorsovto iats 

Number of 
piirs of 
parent rats 

Number 
of young 

Total rat 
days 

Progeny i 
index 

Number of 
pairs of 
parent rats 

Number 
of young 

Total rat 
days 

Progeny 

index 

1 

B 

23 

307 

2921 

1 

0.105 j 

18 

258 

2132 

0.121 

2 

cc 

18 

467 

4857 

0.096 






CN 





14 

195 

3731 

0.052 

i 

NC 

15 

231 

4158 

0.06S 






NN 





14 

257 

3831 

0.067 

3 


37 

1109 

13,445 

m 

29 

640 

9969 

0.064 


of the case reported by Phillips (9), our results are suggestive of possible harm to 
reproductive function in the human being, but at present this question cannot be 
confidently answered. 

Experiments wth rats (NC group) whose parents had been chronically poi- 
soned with nicotine strongly suggest that e.xposure of rats to nicotine during 
pregnancy and nursing decreases the fertilit 3 ' of the j'-oung. This decreased 
fertility is exhibited not only bj' a larger number of which fail to bear j'oung, 
but also by the decreased number of litters and of young bom to the rats which 
were able to reproduce. Furthermore, when litter mates (NN group) of the rats 
of the NC group were injected with nicotine, there was no apparent further de- 
crease in fertility bj’’ any of the criteria used, j-et both the NC and NN rats were 
more fertile than first generation nicotine-injected rats (CN group). This result 
suggests that chronic nicotine poisoning of the parent rats not onlj' decreases 
the fertility of their progenj’, but also renders the progenj’ tolerant to the anti- 
fertility effects of subsequent poisoning with nicotine. 
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Another interesting observation is that discontinuous periods of injections of 
nicotine (Experiment 3) were associated with about the same degree of infertility 
as were the continuous periods (Experiments 1 and 2). At first thought, this 
might suggest that the effects produced by long contmued dosage are due to the 
immediate pharmacological action of large doses rather than to chronic effects 
in the usual sense. If one can discriminate between effects of repeated dosage 
and chronic effects, ive are inclined to think in terms of the latter, because of the 
results obtained with second generation rats. 


TABLE 8 

Slalislical evaluation of tables 4i 5, S, 7 


CUOUPS COUPAUZD 

TABLE 4 

TABLES 

TABLE 6 

TABLE ? 

"t” 

value 

"‘P" value 

value 

"P” value 

value 

"P” value 

“t" 

value 

"P” salue 


Exp. 1— C vs. N 



0.06 

0.90-1.00 



1.01 

0.30-0.40 

Exp. 2— CG vs. CN 

3.51 

0.00^1. 01* 

2.89 

0.00-0.01* 

2.6 

0.01-0.02* 

2.06 

0.02-0.05* 

CC vs. NN 

1.203 

0.2 -0.3 

.97 

.3 

2.3 

0.02-0.05* 

1.93 

0.05* 

CN va. NN 

0.72 

0.4 -0.5 

1.43 

0.1 -0.2 

0.36 

0.7 -0.8 

0.49 

0.6 -0.7 

NC vs. NN 

0.42 

0.6 -0.7 

.145 

0 9-1 

0.1 

0 9 -1.0 

0.32 

0.7 -0.8 

CC vs. NC 

2.56 

0.01-0.02* 

1.01 

0.3 -0.4 

2.4 

0.01-0.02* 

2,08 

0.02-0.05* 

Exp. 3— C vs. N 

2.90 

0.00-0.01* 

2.87 

0,00-0.01* 

2.93 

0.00-0.01* 

1.9 

0.05* 


Values of “P” marked with a star (*) are small enough to indicate that the differences 
between the indices of the two respective groups of rats are probably due to the c.xperi- 
mental conditions rather than to errors of random sampling. 


SUJtMARV 

Three separate experiments tvere made to determine the effect of repeated 
injections of nicotine upon reproduction of white rats. The experiments ran 
for 6, 10, and 12 months, respectively. Nicotine in subconnrlsive doses (1 to 
2 mg, per kilogram, in 10~’ to 2 X 10”’ concentration in physiological saline) was 
injected subcutaneously, twice daily. Controls received equal volumes of phj’’si- 
ological saline. A total of 232 (116 pairs) control parent rats, 200 (100 pairs) 
nicotine poisoned parent rats, 2066 young rats from control parents, and 1350 
young rats from poisoned parents seiv-ed as a basis for statistical calculations. 

Chronic nicotine poisoning was associated vith an increase in the number of 
non-fertile pairs, and a decrease in the number of litters and of young born. 

Progenj' of chronically poisoned parents were less fertile than those of non- 
poisoned parents, but the fertility of the former was not further decreased by 
further exposure to nicotine. 
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TOXICOLOGY OF 1 ,2-DlCHLOB.OPROPANE (PROPYLENE BI- 
CHLORIDE) 

II. Influence of Dietary Factors on The Toxicity op Dichloropropane 

LEON A.HEPPEL, Senior Assistant Surgeon, B. HIGHMAN, Senior Assistant Surgeon fR) 
(Pathology Laboratory), V. T. PORTERFIELD, Assistant Chemist 

With the technical assistance op Evelyn G. Peake 

Industrial Hygiene Research LahoTatory,Nationa.l Institute 0 } Health, V.S. Puilic Health 
Service, Belbesda, Maryland 

1,2-Dicliloropropane, CHjCl-CHCl-CHa, is a colorless liquid with a density of 
1.159 20°/20°G. and a boiling point of 96.8°C. It is finding extensive use as a 
solvent and as an insecticide. An investigation carried out in this laboratory 
indicates that the compound is one of the more toxic of the halogenated hydro- 
carbons (1). 

This paper is concerned with the influence of certain dietary factors on the 
toxicity of dichloropropane for young rats. A comparable study of dichloro- 
ethane (CHiCl-CHjCl), with references to the literature, has already been 
published (2). 

Experimental. Groups of weanling rats were prepared for several weeks on diets which 
differed in their content of casein, fat, choline, l-cystine and dl-methionine Feeding was 
ad libitum except in experiments 6 and 7, in which the control tats were pair fed isocalori- 
cally against the low casein-high fat group. The rats were then given repeated 7-hour in- 
halation exposures to 1,000 parts per million (p.p.m.) of dichloropropane. No exposures 
were given on Saturdays and Sundays. The method of carrjdng out the inhalation ex- 
posures has been described previously (1) (2) (3). 

In some of the experiments the chloroform soluble material in aliquot portions of fresh 
liver was determined by the method of Artom and Fishman (4). 

The dichloropropane was a commercial product. Precision distillation of samples from 
the two lots of material used was carried out in an analytical fractionating column. This 
had a packed section 4 feet long and i inch in diameter, the packing being single turn pyrex 
helices inch in diameter. Measurements of specific gravity and index of refraction 
were also made. The data are recorded elsewhere (1). It was evident that the solvent 
probably contained a fair percentage of other isomers. For this reason the material used 
in experiments 5, 6 and 7 was redistilled in a G foot fractionating column. The fraction dis- 
tilling between 96°C. and 97°C. was collected As will be noted below, the results obtained 
with the repurified compound were the same as those gotten with the commercial solvent. 

Diets. The composition of the diets w-as as follows: salt mixture,' 2 per cent; cod liver 
oil, 5 per cent; varied amounts of purified casein* and hydrogenated cottonseed oiP; cane 
sugar, to make 100 percent. The content of casein of the control diet was 25 per cent and its 
fat content (cottonseed oil) was 8 per cent. The low casein-high fat diet contained 6 per 
cent of casein and 38 per cent of fat. The diets also contained, in mg /kg., thiamine hy- 
drochloride, 10; nicotinic acid, 40; pyridoxine hydrochloride, 10; calcium pantothenate, 
40; and riboflavine, 20. The control diet contained 0 3 per cent of choline chloride. In 
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experiments 5, 6 and 7 each rat received 3 mg. tr-tocophcrol in 0.03 cc. ethyl laurate per week 
orall 3 -. Supplements of choline chloride, dl-mcthionine or l-cj'sline plus choline chloride 
were added as indicated below. 

Results. In a preliminarj- experiment 23 weanling rats of the Wistar strain 
were fed semi-purified diets whose composition is described elsewhere (2). .Aiter 




EXPOSURE NUMBER 

Fig. 1. Mortality among weanling rats with different dietary- preparation and receiving 
repeated e.xposures to 1,000 p.p.m. of dichloropropane. The height of the first column of 
each graph indicates the number of rats placed on test. The height of adjacent columns 
indicates the number of rats sun-iving after successive exposures. 

The period of dietary preparation was 21 daj-s in experiments 2 and 3, and 23 daj-s in ex- 
periment 4. In experiment 4 an observation period of 5 daj's intervened after the second 
exposure. Female Wistar rats were used in experiment 2 and Wistar rats of mixed sexes in 
experiment 3. Male rats of the Sprague-Dawley strain were used in experiment 4. 

17 days on the diets e.xposures to dichloropropane were begun. The 11 rats on 
the low casein-high fat diet all died by the end of 3 e.xposures. Only 3 out of 12 
control rats died, after 4, 5 and 15 exposures respectively. In this experiment a 
concentration of 1,500 p.p.m. of dichloropropane was used. IlOien this was 
reduced to 1,000 p.p.m. and purified diets xvere used similar data were obtained 
(experiment 2, figure 1). 
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The low casein-high fat diet was deficient in both protein and choline. When 
0.7 gm. of choline chloride was added to every 100 gm. of diet there "was no 
important change in the mortality among young rats after exposures to dichloro- 
propane (experiments 4, 6 and 7, figures 1 and 2). When supplements of 0.7 
gm. of choline chloride and 0.7 gm. of l-cystine were used the animals became 
much more resistant to the effects of dichloropropane (experiments 3, 6 and 7, 
figures 1 and 2). Adding 1 gm. of dl-methionine to every 100 gm. of the low 
casein-high fat diet also afforded protection (experiments 4, 6 and 7, figures 1 and 
2). The same relations obtained when a less severe choline deficiency was pro- 
duced by feeding diets low in protein (6 per cent of casein) but normal in fat 
content (experiment 5, figure 2). 

The great differences in mortality between the various groups were not related 
to differences in caloric intake. In experiments 6 and 7 (figure 2) the control 
tats were pair fed isocalorically against the low casein-high fat rats until most of 
the latter were dead. Furthermore, none of the supplements caused important 
increases in food intake or weight gain. 

Pathologicai. findings. Gross examinations were made on nearly all of the animals. 
Histopatbolo^cal examination was carried out on 15 rats in experiment 1 receiving X or 
more 7-liour inhalation exposures to 1,500 p.p.m. of dichloropropane and on 10, 35, 29, and 
60 rats in experiments 2, 4, 5 and 7 respectively, exposed similarly to 1,000 p.p.m. In 
addition examination was made of a large number of unexposed rats maintained on similar 
diets. Tissues were fixed in 10 per cent dilution of formalin and routine paraffin sections 
were stained with eosin-azure and with iron hemato-xylin-picrofuchsin. Paraffin sections 
of liver and spleen were examined for hemosiderin. Paraffin sections of heart, liver end 
kidney were stained for fat by the method of Lillie and Ashburn (6). 

Nearly all exposed and unexposcd rats on the low casein-high fat diet showed markedly 
fatty livers characterized by large fat globules in the liver cells. Many showed traces of 
ceroid, chiefly in macrophages about the central veins of the liver. One rat on a low casein- 
high fat diet in experiment 2 showed renal scarring and pigmentation characteristic of the 
post nephrotic choline deficiency stage. Rats on low casein and low casein-high fat diets 
supplemented with choline, choline plus l-cystine, or dl-methionine showed slightly to 
markedly fatty livers characterized by fine fat droplets in the liver cells. The amount of 
fat was more consistently large in exposed than in unexposed rats. 

Certain infrequent lesions were seen only in exposed animals. In experiment 4, small 
areas of hemorrhagic necrosis were seen in the livers of 3 rats on a low casein-high fat diet 
supplemented with choline, 1 dying after I, and 2 after 5 exposures to 1,000 p,p.m, of di- 
chloropropane. Two other rats in experiment 4 on a low casein-high fat diet that died after 

2 sitmlar exposures showed extensive hemorrhagic necrosis of the adrenal cortex, and 1 rat 
in experiment 7 on a low casein-high fat diet supplemented by dl-methionine that died after 

3 such exposures showed similar changes in the adrenal. Several animals on a low casein- 
high fat diet in experiment 2 that died after 2 to 3 exposures showed many scattered and 
occasional small masses of llpophages in the spleen. 

More frequently occurring lesions seen only in the exposed animals were slight patchy 
or diffuse fatty degeneration of the heart and slight to marked fatty degeneration and ne- 
crosis of the kidney. A significant amount of fat was seen in 29 of 117 hearts stained for fat. 
Six of these 29 occurred among 10 rats on a low casein-high fat diet djdng after 1 to 3 expo- 
sures to 1 ,500 p.p.m , 6 occurred in 32 rats on similar diets dying after 1 to 3 exposures to 1 ,000 
p.p.m. and 6 in 16 rats on similar diets supplemented by choline dying after 1 to 3 exposures to 
1,000 p.p m. Fatty degeneration of the kidney was characterized by the presence of nu- 
merous fine fat droplets in the epithelium of many tubules in the cortex. It was present in 
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CXPOSURC NUMBER 



Fig. 2, Mortality among weanling rats with different dietary preparation and receiving 
repeated exposures to 1,000 p.p.m. of dichloropropane. The period of dietary preparation 
was 22 days in experiment 5, 21 days in experiment 6 and 26 days in experiment 7. Wistar 
rats of mixed sexes were used in experiment 5 and male rats of the Sprague-Dawley strain 
in experiments 6 and 7. An observation period of S days (experiments 5 and 6) and 5 days 
(experiment 7) intervened after the first 3 exposures. 
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TABLE 1 

The liver fal content of weanling rats with different dietary preparation and which were exposed 

to dichloTopropane vapors 



DTETAIRY 

MVER TAT AS PER CENT Ot TRESa TISSUE 


7SXPASAT10H 

Lived j 

Died 

DIET 

Av. j 
daily 1 
1 food 1 
1 intake 

Av. 1 
Treigbl 1 
gam 

No. o{ 

1 ratst 

1 

1 Mean | 

■ 

No. of 1 
rats 

j Mean | 

1 ^ 

Experiment i 


gtni. 

-5.1 




13. 

38.5 

5.3 



-6.2 




13 

8.0 

2.4 



■ 

5 

4.6 

0.7 

9 

8.8 

3.1 










Experiment B 


Low casein 

3.1 

mm 

n 

6.5 

1.4 

9 

12.4 

5.4 

Same, plus 1% methionine ! 

Same, plus 0.7% cystine and 0.7% 

3.3 


H 

6.8 

0.9 

1 

9.2 


choline 

Control 

3.2 ! 


10 

4.6 

0.5 

3 

3.7 

1 



Experiment 6 


Low casein-high fat 

3.1 

IIIQR 




13 

35.6t 

3.7 

Same, plus 0.7% choline 

3.1 


1 

4.1 


10 

1 8.3 

2.5 

Same, plus 1% methionine 

3.1 

4.5 

5 

7.0 

2.0 

8 

11.1 

2.0 

Same, plus 0.7% cystine and 0.7% 









choline ! 

3.0 

3.9 

4 

5.1 

0.5 

9 

9.1 

3.9 

Control 

4.1* ! 

28 i 








Experiment 7 


Low casein-high fat 

2.5 





n 

35.5 

3.7 

Same, plus 0.7% choline 

2.5 

1 0.3 





13.8 

4.4 


3.2 



4.8 

0.3 


11.3 

0.7 

Same, plus 0.7% cystine and 0.7% 


II 

j 6 


j 

H 



choline 

3.0 



4.5 

0.6 ! 


11.3 


Control 

3.3* 

26.3j 


5.4 

1.3 

II 




• These amounts of food are isocalorically equivalent to what the low casein-high fat 
rats consumed. 


^ This refers to the number of rats whose livers were analyzed. The total number of 
rats involved in the experiments can be read from the charts (figures 1-3). 

t The livers of 5 unexposed rats maintained on the low casein-high fat diet for about the 
same length of time were also analyzed. The mean fat content was 35.8 per cent with a 
standard deviation of 3.6 per cent. 

nearly all rats that died after only 1 to 7 exposures to 1,000 p.p.m. or 1,500 p.p.m. and was 
usually minimn.1 or absent in longer surviving killed animals and in unexposed controls. 

Renal necrosis affected chiefly small groups of convoluted tubules. Severely affected 
tubules acre converted into usually basophilic vacuolated fibrillar or granular masses" 
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less severely nffected tubules showed a few marginal, frequentlj- pyknotic or degenerated, 
nuclei and some oxyphilic shreds suggesting cellular remnants; and some tubules showed 
lesser changes grading into those of severe cloud 3 ' swelling or autolj-sis. In the more 
severely damaged kidnej's the glomeruli were often shrunken, their nuclei pj'knotic, and 
one or more lobules were occasionallj- necrotic. The glomerular spaces were often 
u-idened and sometimes contained some irregularly staining granular necrotic material 
occasionally admi.xed ndth some degenerating cells and nuclei. In less sevcrelj' affected 
kidnej’s there was marked cloudy swelling with only an occasional necrotic tubule. 

Because the presence and extent of renal necrosis was often obscured b 3 - marked autol- 
3 ' 6 is, the frequenc 3 ' of renal necrosis in the rats that died can onl 3 ’ be estimated. In ex- 
periment 1, 6 of 10 rats on a low casein-high fat diet that died after 1 to 3 exposures to 1,500 
P.P.M. showed changes suggesting renal necrosis. In experiment 2, similar changes were 
seen in 5 of 10 rats on a low casein-high fat diet that died after 1 to 4 e.xposurcs to 1,000 
P.P.M. In exppriment 4, such changes were seen in 3 of 14 rats on a low casein-high fat diet 
that died after 1 to 2 similar exposures, in 4 of 13 rats on a similar diet supplemented b 3 ’ 
choline that died after 1 to 7 such exposures, and in none of 0 animals on a similar diet sup- 
plemented b 3 ’ dl-methionine that died after 3 to 7 such exposures. In e.xperimcnt 7, changes 
suggesting necrosis were seen in 25 of 31 rats on various diets that died after 2 to 8 exposures 
to 1,000 P.P.M.; such changes were seen in each of 10 rats on a low casein-high fat diet and, 
in usually less severe form, in 7 of 10 such rats on a low casein-high fat diet supplemented 
b 3 ' choline. 

In killed animals, renal necrosis could be determined with ease. In experiment 4 it was 
seen in none of 6 animals on a low casein-high fat diet supplemented 63 ' dl-mcthionine that 
were killed after 12 exposures to 1,000 P.P.M. In experiment 5, rats were killed after sur- 
viving 9 to 10 exposures to 1,000 P.P.M.; renal necrosis was moderate to marked in all of 
6 rata examined that were on a control diet containing 25% casein supplemented 63 " 0.3% 
choline, but was absent in all of 13 rats on a low casein diet supplemented b3’ 1-C3'stine and 
choline and in all of 10 rats on a low casein diet supplemented b 3 ' dl-methioninc. In ex- 
periment 7, examination of rats killed after surviving 8 exposures to 1,000 P.P.M. showed 
slight to marked renal necrosis in 11 of 12 animals on the control diet, in 3 of 7 on a low case- 
in-high fat diet supplemented by dl-methionine, in 4 of 8 on a similar diet supplemented 
by 1-cystine and choline, and in 1 of 2 on a low casein-high fat diet supplemented b 3 ' choline. 

The relatively greater frequenci' and severity of renal necrosis in rats on low casein-high 
fat and control diets as compared with rats maintained on low casein and low casein-high 
fat diets supplemented b 3 ’ dl-methionine, choline, or choline plus l-c 3 -stine suggests that 
these supplements exert a strong protection against the nephrotoxic action of 1,2-dichloro- 
propane be 3 'ond that due to the correction of a fnult 3 ’ diet. The nephroto.xic action of 
1,2-dichloropropane on the control animals in experiments 5 and 7 was surprising in view 
of its absence in previous experiments with rats on comparable stock diets (1). Perhaps, 
the fact that the controls in these experiments were 3 -ounger rats accounts for this. Also, 
in experiment 7, the control rats were underfed since their caloric intake was adjusted to 
that of the low casein-high fat rats. 

Discussion. The data recorded here agree xxith the e.xperimental results 
obtained in this laboratorj’- with dichloroethane (2). Young rats prepared on 
low protein-choline deficient diets were more susceptible to the poisonous action 
of these halogenated hydrocarbons than rats on control diets. This increased 
susceptibility could be combatted bj’’ dietary supplements of dl-methionine or 
1-cystine plus choline chloride. Choline chloride alone was ineffective.^ 

* The published dietar 3 ' studies of dichloroethane (2) indicated partial protection b 3 ’ 
choline. A number of experiments have since been carried out, in some of which partial 
protection b 3 ’ choline was obtained while in others there was no reduction in the toxicity 
of dichloroethane. Anab’sis of all of the data, involving several hundred rats, indicates 
no significant protection b 3 ' choline. 
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Conceivably the choline deficient fatty liver might have taken up excessive 
amounts of these fat soluble hydrocarbons. But the negative results rvith supple- 
ments of choline chloride indicate that “fattyness” of the liver per se was not 
responsible for the high mortality among the low casein-high fat rats. It would 
appear that other factors are concerned which are more important than choline- 
deficiency and the resultant fatty infiltration of the liver. One of these appears 
to be the deficiency of sulfur containing amino acids, which may have some speci- 
fic detoxifying function. 


SUMMARY 

(1) Weanling rats prepared for several weeks on low protein-choline deficient 
diets were more susceptible to the effects of inhalation exposures to 1 ,2-dichloro- 
propane than were control rats on an adequate diet. This was true even in pair- 
feeding experiments. 

(2) Supplements of choline did not appreciably increase the resistance of the 
choline deficient-protein deficient rats. dl-Methionine and the combination of 
1-cystine plus choline were quite effective. 

(3) The pathological lesions found in exposed and control rats are described. 

Acknowledgment. Dr. Charles Seegmiller supervised the operation of the 
analytical fractionating columns. Mrs. Mary Donohoe assisted with the 
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The demoastration of DDT in the tissues of rabbits (1) following relatively 
large acute oral doses posed the question whether the amounts found in the 
tissues represented actual storage, or were merely the result of temporarj' 
flooding of the organism. Definite indications that DDT is stored in the fatty 
tissues of dogs have been reported from this laboratory (2). We now report 
the results of studies on rats chronically exposed to DDT for periods of six 
months to two years. 

Methods. Two experiments were conducted in which groups of young weanling male 
rats (21 days) were started on diets containing a commercial preparation of DDT composed 
of 81.8% p,p isomer and 18.2% o,p isomer. In the first experiment, fwo groups of 10 rats 
each were fed on diets containing respectively 800 and 1^ p.p.m. finely powdered dry 
DDT. The animls wore maintained on a paired feeding regimen for six months, with an 
equal number of litter mates serving as controls for each group. Food consumption was 
adjusted daily, with the control receiving the amount of food its experimental mate had 
eaten on the previous day. In the second experiment 5 groups of 12 rats were fed on diets 
containing respectively 0, 100, 200, 400 and 800 p.p.m. DDT incorporated in com oil 
solution. These rats were fed ad libitum and carried through for two years. At the termi- 
nation of the e.xperiments the surviving animals were killed by decapitation and exsangui- 
nated. Livers, kidneys and other tissues were removed and weighed. The concentration of 
DDT in the tissues was determined by a bio-assay method (3) and the distribution of the 
o,p and p,p isomers of DDT in fatty tissue and diet was determined by the Schecter method 
(4). The oxygen consumption (QO,) of slices of liver tissue, suspended in phosphate- 
buffered glucose-Ringer solution, was determined by the standard Warburg procedure. 
Readings were begun within one hour after removal of the tissue from the animal, and re 
peated at 30-minute intervals for a period of three hours. 

Results. Paired feeding experiment, six-rtionih exposure. All of the animals, 
whether on 800 or 1200 p.p.m. DDT, showed characteristic sjTnptoms of DDT 
poisoning. During the experimental period 5 rats on 800 p.p.m. DDT and 3 
rats on 1200 p.p.m. DDT died. These animals showed extreme tremors and 
conxmlsions before death. Those that survived, exliibited only moderate 
tremors notably during the early part of the exposure and later appeared to 
recover. Table 1 shows that the experimental rats grew slower than their litter 
mate controls. Unless it was losing weight, or in extremis, the experimental 
animal ate more food than its litter mate control needed; in nearly everj’' case 

* The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Medical Research, from the Office of Scientific Research -and Develop- 
ment to the Food and Drug .Administration. . 
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there was extra food left over in the food cup of the control. Nevertheless, the 
control rat grew at a greater rate. To account for this observation, one may 
assume that the experimental animal in its excitable state dissipated more energy 
and hence required more food. 


TABLE 1 


Mean increase in weight of young male rats on a paired feeding regimen with DDT for 6 months 


DOSACE 

KO. OT EATS 

KEAN GEOWra 

STANDAEO ERROX 

or ueam 

P 

1200 p.p.ni. 

7 

Grams 

320.6 

±9.91 

<0.01 

Control 

7 

373.8 

i ±11.08 


800 p.p.m. 

5 

338.4 

±7.73 

<0.01 

Control 

5 

387.2 

±12.57 



TABLE 2 


The effect of chronic ingestion of DDT on the weight of the liver and hidneys of individual rats 



CRAMS RIVER \ 

(UTTER MATE PAIRS) 

GRAMS KCWTEVS 
(UTTER MATE PAIRS) 

Experimental | 

Control 

Experimental 

Control 

1200 p.p.m. DDT 


■Pi’ 

3.1 

2.6 




3.6 

2.8 


22.8 

16.9 

2.9 

2.5 


19.6 

14.4 

2.6 

2.2 


19.1 

13.4 

2.7 

2.6 

Avg 

21.3 

14.9 

3.0 

2.5 

800 p.p.m. DDT j 

20.6 


3.5 

2.5 


25.3 


3.4 

2.3 


19.2 

13.6 1 

2.9 

2.5 


24.5 

18.2 

2.9 

3.1 


22.6 

15,9 

2.6 

3.0 

Avg 

22.4 

15.7 

3.1 

2.7 

Per cent increase over control 

43 
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At autopsy it was noted that the livers, and to a lesser extent the kidnej'S of the 
experimental animals, were larger than those of the litter mate controls. Weigh- 
ing confirmed this obserr-ation, the results of which are shown in table 2. This 
increase in weight of the experimental over the control tissues could not be ac- 
counted for by hydration; there was actually more tissue present on the basis of 
drj' weight. Pathological examination confirmed this, for there was found a 
moderate degree of centrolobular hypertrophy in the liver. The data in table 2 
show that with the exeeption of 2 kidney pairs .all of the experimental tissue.? 
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weighed heavier than their corresponding controls; but there appears to be no 
differentiation between the 1200 and 800 p.p.m. levels of DDT. Finally, the 
hypertrophic effects of DDT become even more striking when it is remembered 
that the lighter organs came from the heavier control animals, and the heavier 
organs from the lighter experimental animals. 

In table 3 are presented the results of the tissue respiration study. Without 
exception the QO: is notably lower in the experimental tissues — averaging 40% 
below the control values, and here also there appears to be no differentiation 
between the 1200 and 800 p.p.m. levels of DDT. Since the QOj for each tissue 
represents the average value over a 3 hour observation period, it should be added 

TABLE 3 


The effect of chronic ingestion of DDT on the respiration of liver slices from individual rats 



UICBOLlTEftS Ol ?£» MCU. D»Y TISSUE PES HOUK (QOj)* 
(LITTER MATE PAIRS) 

Experimental 

Control 

1200 p.p.m. DDT 

5.8 

8.9 


C.2 

8.6 


5.6 

9.7 


4.4 

9.0 


6.7 

11.3 

Avg. 

5.7 

9.5 

800 p.p.m. DDT 

7.4 

11.1 


3.9 

7.4 


5.1 

8.9 


5.3 

8.0 


4.5 

9.4 

Avg. 

5.2 

9.9 

Per cent decrease under control 

40 



• Average over a three-hour period. 


that not only were all the indhddual experimental QOj values, read at half- 
hourly intervals, lower than the controls, but plotting these values indicated that 
the slopes of the experimental and control QOj — time curves were essentially 
parallel, a condition which meant tltat the decrement rates of oxygen consumpn 
tion were the same. The lowered QO 2 of the chronically poisoned liver tissue 
may perhaps be expected in view of the evidence of moderate h 3 'pertropIiic 
changes which have been showm to occur. 

In table 4 are given the results of the analj'ses of rat tissues for DDT bj- the 
bio-assay method. With the exception of two kidneys, measutable amounts of 
DDT were found in all tissues examined. No DDT was found in any control 
tissues. As noted with some of the other effects of DDT, no correlations between 
concentration of this substance in tissues and in diet can be detected, but tliis 
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observation is restricted to the high levels only (1200 and 800 p.pjn. DDT in 
diet). To be emphasized particularly is the fact that the amount of DDT in the 
perirenal fat is roughly 50 to 100 times as great as in any of the other tissues. 
The variation in the DDT concentration in liver, spleen and muscle, together 
with the limited number of analyses, makes it doubtful whether any of the 
differences are significant. It would appear that the DDT concentrations in 
spleen and muscle tend to be higher than in hVer and kidney, but only between 
muscle and liver can a statistically significant difference (p = 0.04) be demon- 
strated. Because of the apparent affinity of DDT for fatty tissue, the question 
arises whether the presence of fat in such tissues as liver, kidney and spleen 
mi^t account for the DDT found therein. Gravimetric determinations of 
ether-soluble material extracted from these tissues show that the “fat” content 


TABLE 4 

The DDT content of the tissues of individual rats foUotving ingestion of DDT 
for a period of 6 months 



FEWRENAJ. TAT 

DDT COKTE^*X or FRESH TISSUE 

Liver j 

Kidney | 

Spleen 1 

Muscle 1 

1 Brain 


mipt.firam 


microirantx fer gram 


1200 p.p.m. DDT 

2.7 



' 18 

' 15 



2.1 


10 

18 

14 



3.3 

7.1 

22 

24 

22 



2.1 

8.4 

13 

21 

21 



2.5 

7.2 

6.8 

29 

34 


800 p.p.iii. DDT 

2.4 

5.4 

9.6 

13 

30 I 



2.7 

3.8 

6.8 

10 




2.9 

17 

17 

8.7 




2.8 

22 

? 

« 1 


29 


4.9 

21 

? 

34 
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averages about 2%. On this basis, if the DDT found in liver, kidney and spleen 
was dissolved in the fatty components of these tissues, its concentration therein 
would range from 0.25 to 1.0 ragm. per gram. While this range of calculated 
values is somewhat less than the DDT content of perirenal tissue (95% fat), 
it is, nevertheless, roughly of the same order of magnitude. This would indicate 
that the DDT content of the liver, kidney and spleen could be explained on the 
basis of the fat content of these tissues. In the case of muscle, however, where 
care was taken to select only lean tissue, the fat content averaged only 1%, and 
3 ’et the DDT content tended to be highest. It maj’’ be that some other mech- 
anism is involved in the storage of DDT in this tissue. 

In table S are given the results of the analyses of sLx samples of perirenal fat for 
DDT by the biological and chemical methods. In the case of the chemical 
method which is based on the development of a color, it is possible to determine 
t 0 p,p and o,p isomers of DDT separatclj’ b}' making readings at 5S0 and 510 
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M/i respectively. It can be seen that the biological and chemical methods are 
in essential agreement on the content of the p,p isomer of DDT. (The biological 
method does not determine o,p isomer). Since, however, the DDT in the diet 
consisted of a mLxture of 81.8% p,p isomer and 18.2% o,p isomer, it became of 
interest to examine whether this ratio rvould also obtain for the DDT stored in 

TABLE S 


The distribution of the p,p and o,p isomers of DDT in the perirenal fat of the rat 



nioLocrcAL 

CHEUICAL ASSA\ 

rsorosTios’ or isouers iv eat 

RAT NO 


p.p isomer 1 

o.p isomer | 

total 

p,p isomer ' 

[ o,p isomer 


Milligrams of DDT per gram of fat 

Per cent 

1 

2.8 1 

3.0 

MBM 

3.9 

76 ! 

24 

2 

4.9 

3.9 

HIH 

4.7 

S3 

17 

3 

2.1 

2.2 


2.5 

86 

14 

4 

3.3 

3 2 


4.3 

76 

24 

5 

2.1 

2.5 

0.6 

3.1 

SO 

20 

6 

2.7 

3 2 

0.7 

3.9 

S3 

17 

1 

Avg. 

3.0 

3.0 



S0.7 

19.3 

Analyses of sample DDT fed 

81.8 

18.2 


TABLE G 


The DDT content of the tissues of individual rats following ingestion of DDT for a period of 

two gears 


DDT CONTENT or DIET 

DDT covTEVT or nirsa tissoe 

Perirenal fat 

1 Li\cr j 

1 Kidney 

p.pm. 

hram 

mtcroirans per gram 

100 

0 103 



100 

0.129 



100 

0.091 


4.6 

100 

0.05S 



200 

0.313 

3.1 

14 

200 

0.15S 



400 

1.091 

2.7 

20 

400 

0.966 



800 

4.220 

23 

64 


the fat. That this does in fact occur is shown in table 5. Presumably the 
organism does not differentitate between the isomers when it comes to storage, 
but lays them dorni in fatty tissue in the same proportion in Which thej’^ occur in 
the diet. 

Two-year exposure lo DDT. In table 6 are given the DDT analyses of tissues 
removed from rats exposed for two j'ears. These rats represent the sur^uvors of 
the original group of 12 animals placed on each level of DDT. Of the control 
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group of 12 animals there were 4 survivors. Detailed reports of the nutritional 
and pathological findings will be described elsewhere. In contrast to the six- 
month experiment at 800 and 12 p.p.m. DDT there is here a definite correlation 
between tissue level and dose level, and this is most clearly seen in the case of the 
perirenal fat. It is interesting to note that in the perirenal fat of the rat exposed 
for 2 years to 800 p.p.m., the DDT concentration is roughly of the same order of 
magnitude as that found in the fat of the animals exposed to 800 p.p.m. for only 
6 months (table 4). On the other hand, if the kidneys are compared, it is seen 
that the longer exposure has produced 4 to 5 times as high a concentration of 
DDT. 


SUMMARY 

Eats were fed diets containing from 100 to 1200 p.p.m. DDT for periods rang- 
ing from sbt months to two years. The follo\vmg effects were noted. 

1. At 800 and 1200 p.p.m. DDT in the diets, rats showed characteristic symp- 
toms of poisoning which terminated fatally in some cases. There was definite 
depression of growth. 

2. At 800 and 1200 p.p.m. DDT in the diets rats showed an increase of 43% 
and 19% respectively in the weights of their livers and kidneys over those of the 
controls. 

3. At 800 and 1200 p.p.m. DDT in the diets, the oxygen consumption of the 
livers was reduced 40% below that of the controls. 

4. DDT was found in all tissues of animals exposed to DDT. Due apparently 
to its preferential solubility in fat, the concentration of DDT in perirenal fat was 
roughly 50 to 100 times as great as in other tissues. With the e.xception of 
muscle, it was indicated that the DDT of other tissues could be explained by 
their fat content. 

5. As far as storage is concerned, the rat did not distinguish between p,p and 

0. p isomers of DDT, but laid these down in the same proportions at which they 
were fed in the diet. 

6. The concentration of DDT in fatty tissue was found to be correlated with 
the level of DDT in the diet in the range of 100 to 800 p.p.m. 

The authors \rish to thank Mr. P. A. Clifford, Pood Dhdsion, for perfonning 
the chemical analyses of DDT by the Schechter method. 
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Parasympathomimetic drugs are not ordinaril 3 ' considered as expectorants. 
If it be agreed that, amongst tiieir various pliarmacological reactions, expecto- 
rants have the property of augmenting the production or output of broncliial or 
respiratory tract fluid (R.T.F.), then our findings are that most parasj'mpatho- 
mimetic dnigs have marked expectorant properties. Indeed, our experiments 
have demonstrated that drugs in the parasympathomimetic group increase the 
output of R.T.F. to a much greater extent tlian occurs following presentation of 
the drugs commonlj' classified as ex-pectorants in textbooks of pharmacologj' and 
therapeutics. Using the technique developed in this laboratory' for quantitati- 
vely measuring the effect of drugs upon the output of R.T.F. in animals, it has 
been found that there is some variation from species to species, but an approxi- 
mate comparison maj' be obtained from the following reports. 

Perrj' and Boyd (1) found that ammonium chloride increased the rate of output 
of R.T.F. by a maximum of 88 per cent, ammonium carbonate bj' 110 per cent, 
powdered ipecac, B.P., by 143 per cent, glycerol guaiacolate bj' 185 per cent and 
preliminary experiments upon 3 cats showed that pilocarpine nitrate raised the 
output by over 600 per cent. Stevens et al. (2) reported guaiacol maximally 
increased the output of R.T.F. bj' 78 per cent, guaiacol carbonate by CO per cent, 
creosote bj' 123 per cent and guaiacol glycerol ether bj' 121 per cent. Boj'd, 
Jackson and Ronan (3) investigated the action of several sympathomimetic 
amines and found that adrenaline hy'drochloride maximal^ increased the output 
of R.T.F. by a mean of some SO per cent, ephedrine hj'drochloride bj' 3 per cent, 
neo-synephrine hydrochloride by 2 per cent, privine hj'drochloride by 37 per cent 
and amphetamine sulphate by 45 per cent. They also found that faradic stim- 
ulation of the cervical sj'mpathetic trunk augmented the output of R.T.F. by 
12 per cent whereas Perry and Boj'd (1) have found that corresponding electrical 
stimulation of the cerwcal vagus trunk maximally increased the output by a mean 
of 200 to 300 per cent. Boyd and Munro (4) gave ether bj' inhalation and could 
detect no appreciable change in the output of R.T.F. in guinea pigs, rabbits and 
cats but there was a 300 per cent increase in dogs which was not affected by 
administration of atropine sulphate. Boj'd, MacLachlan and Perrj' (5) per- 
formed corresponding e.xperiments with inhalation of ammonia gas and got about 
a 150 per cent increase in the output of R.T.F._ Boj'd and ^MacLachlan (6) gave 
paregoric to albino rats, hens, guinea-pigs, rabbits and cats and obtained maxi- 

> This work was aided financially by a grant from Merck and Company, Limited, Mon- 
treal. The results were described briefly at the annual meeting of the American Society for 
Pharmacology and Experimental Therapeutics, Inc., Atlantic City, March, 1946. 
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mal increases up to 400 per cent in the output of R.T.F. in albino rats; of the 
components of paregoric, tincture of opium produced a maximal rise of 58 per 
cent, camphor of 67 per cent and 60% alcohol of 88 per cent. Boyd et al. (7) 
demonstrated that potassium iodide increased the output of R.T.F. to a maxi- 
mum of some 150 per cent, and also found the organic iodides, Siomine, N.N.R., 
and lod-Ethamine or ethylenediamine dihydriodide (Pitman-Moore Co.) to 
augment the output some 100 per cent; lodo-casein, N.N.R., lodalbin, NJSi.R., 
lodostearine, N<.N.R., Oridine, N.N.R., Stearodine, N.N.R., Lipoiodine, N.N.R., 
Sajodin, N.N.R., Lipiodol, N.N.R., and lodicin (Burroughs Wellcome and Co.) 
had little or no effect upon the rate of output of R.T.F. Boyd and Pearson (8) 
studied the effect of volatile oils given by stomach tube and reported oil of euca- 
lyptus augmented the output of R.T.F. to a maximum of 172 per cent, oil of 
lemon to 240 per cent, oil of anise to 552 per cent, oil of turpentine t6 160 per cent, 
oil of pine to 103 per cent, terebene to 88 per cent, terpin hydrate to 96 per cent 
and Friar’s Balsam had no appreciable effect. Boyd and Dorrance (9) were 
surprised to find that sulphanilamide augmented the output of R.T.F. to a 
maximum of 55 per cent, sulphathiazole to as high as 650 per cent, sulphadiazine 
to 216 per cent while sulphamerazine had no significant effect. 

Thus it may be seen that most of the commonly used expectorants, which have 
been studied in this laboratory, augment the output of R.T.F. to a maximum of 
between 100 and 200 per cent. In contrast, we have encountered several 
parasympathomimetic drugs whch maximally increase the output of R.T.F. by 
from 1,000 to 1,500 per cent. These results suggest parasympathomimetic 
drugs would be excellent additions to cough mixtures but, of course, the stumbl- 
ing block to such use is the unfortunate fact that parasympathomimetic drugs 
have many other pharmacological properties which might be undesirable in a 
cough medicine. It seems to us that this disadvantage could be surmounted 
and that synthetic modifications of parasympathomimetic drugs might yield one 
or more which ivould possess marked expectorant properties, and undesirable 
properties to little or no extent. 

Cholinergic drugs and the volume output of R.T.F. The technique used for 
collecting R.T.F. in the experiments to be described was that of Perry and Boyd 
(1) as modified by Boyd, Jackson and Ronan (3). Between 350 and 400 animals 
"’ere used, including over 300 cats and some dogs, rabbits, guinea-pigs and albino 
rats. The general procedure was to arrange the animals for collection of E .T.F. 
and, at the end of 3 hours, a stated dose of drug was given subcutaneously. To 
reduce the voluminous data to a common denominator for comparative purposes, 
the volume output of R.T.F. was taken hourly, expressed as ml. per kilo body 
Weight per 24 hours, the values for each dose in each species averaged and then 
the increased output hourly after administering the drug expressed as a percent- 
age of the average output of R.T.F. during the two hours just preceding giving of 
the dnig. These means, as obtained in healthy, adult cats, are gir'cn in table 1. 

For convenience, the various drugs used were dirided into three groups, termed 
respectively the choline group, the physostigmine group and the pilocarpine group. 
To begin with, it may be noted that the drugs were dissolved in saline and in- 
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TABLE 1 


The effect upon the rate of volume output of respiratory tract fluid in cats of a range of doses of 
parasympathomimetic drugs given subcutaneously 


DRUG 

DOSE 

SO. OF 

PERCEVTIKCREASEIKTilTEOr OUTFtTT OF S.T.T. 


1st hr. 

2nd hr. 

3rd hr. 

4th hr. 

Saline 

mgm /kilo 

1 jnl./kilo 

10 

-8 

17 

G 

* 

14 


The choline group 


Acetylcholine . . ■ 

2 

4 

-31 

—25 

-55 

-61 

Acetylcholine. . . . 

20 

2 

-CO 




Acetylcholine . . 

40 

7 

20 

10 

29 

-6 

Acetylcholine . . ■ 

100 

3 

Lethal 




Mecholyl 

5 

7 

40 

-13 

—7 

—7 

Mecholyl . ... 

7.5 

6 

IIS 

2G3 

-36 

0 

Mecholyl 

10.0 


812 

528 

214 

mm 

Carbachol 

0.01 


-40 

-19 

-14 

KB 

Carbachol, 

0.05 


G2 

-5 

10 


Carbachol 

0.1 


780 

1,420 

Lethal 


Urcoholine 

0.5 


231 

135 

26 

-35 

Urccholino 

1.0 


11 

323 

412 

100 

Furraethide 

0.1 

11 

-55 

-&4 

-36 

41 

Furmethide 

0.3 

G 

4 

18 

111 

141 

Furmethide 

0.5 

4 

G7 

Lethal 



Furmethide . . 

1.0 

4 

128 

Lethal 



The physostigminc group 

Physostigmine 

0.01 


10 

10 

33 

-19 

Physostigminc 

0.1 


0 

4 

11 

-14 

Physostigmine 

0.5 


-IG 

33 

14 

0 

Physostigmine 

0.75 

9 

31 

-22 

-19 

-16 

Physostigmine 

1.0 

3 

Lethal 




Prostigmine 

0.1 

12 

—54 

-15 

-46 

-23 

Prostigmine 

0.2 

11 

-38 

38 

87 

137 

Prostigmine 

0.5 

5 

S3 

0 

Lethal 


Compound A . . ..... 

0.5 

14 

185 

348 

191 

-71 

Compound A 

1.0 

8 

1,400 

1,080 

GG6 

533 

Compound B 

1.0 

10 

13 

21 

43 

-9 

Compound B 

5.0 

14 

470 

300 

I.K;thal 



The pilocarpine group 


Pilocarpine 

■■ 

8 

12 

12 

-3 

18 

Pilocarpine 


12 

10 

-10 

50 

-10 

Pilocarpine 


13 

30 

35 

0 

-50 

Pilocarpine 

KIB 

8 

156 

72 

13 

-32 

Arccoline 

1 

9 

131 

37 

-3 

-23 
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jeeted in a total volume of 1 ml. per kilo body weight. A control group of cats, 
given only this volume of saline, showed no appreciable change in the volume 
output of R.T.F. 

In the choline group, acetylcholine bromide had no marked effect upon the 
volume output of R.T.F., as might be expected. We are at a loss to account for 
the apparent decrease in output of R.T.F. produced by the smaller doses of this 
and of some other parasympathomimetic drugs. In selecting the range of 
doses of acetylcholine bromide and most other drugs we began with small doses, 
of the order per unit body weight of those recommended for man, and worked up 
to the lethal dose. In contrast to the indifferent results vith acetylcholine, the 
more stable derivatives, mecholyl chloride (acetyl-betamethylcholine chloride), 
carbachol (B.P. 1932, 3rd Addendum, 1941) or carbaminoycholine chloride and 
urecholine (betamethylcholine urethane), all kindly provided by Merck and 
Company, Limited, of Montreal, had a marked effect upon the volume ouput of 
R.T.F. as may be seen from the data summarized in table 1. The action of 
furmethide (furfuryl-trimethyl-ammonium iodide), kindly provided by Smith, 
Mine and French Laboratories, was definitely positive in the larger doses but not 
to the same degree as that of the three former drugs. 

In the physostigmine group, physostigmine salicylate, B.P. had little effect 
upon the volume output of R.T.F. Prostigmine methyl sulphate, N.N.R., 
kindly provided by Hoffmann-La Roche Limited of Montreal, had an appreci- 
able positive effect in the larger doses. In the pilocarpine group, both pilocar- 
pine nitrate, B.P., and arecoline hydrochloride definitely increased the volume 
output of R.T.F. in the larger doses. Two new compounds, chemically related 
to physostigmine, were placed at our disposal by the research laboratories of 
Merck and Company. That labelled Compound A in table 1 is the dimethyl- 
urethane of m-isopropyl-p-dimethyl-aminophenol methiodide and that labelled 
Compound B is the dimethylurethane of p-dunethylamino thymol methiodide. 
These compounds were reported to have cholinergic activity by Stevens and 
Beutel (10). Both Compounds A and B were found to have a pronounced posi- 
tive effect upon the rate of volume of output of R.T.F., the former moreso than 
the latter. 

Specks variation. Taking all factors into consideration, cats were found the 
animals most suitable for this v ork. However, it was decided to make certain 
that the results obtained in cats were not restricted to this species alone and a 
few experiments were performed upon albino rats, guinea-pigs, rabbits and dogs, 
using large doses of pilocarpine niti ate as an example of the parasj'mpathomime- 
tic drags. Experiments performed upon five albino rats weie unsatisfactory. 
In 18 guinea-pigs, the rate of output of R.T.F. was increased to a maximal amount 
of C4 per cent. In 14 rabbits, the maximal increase in output of R.T.F. averaged 
3C2 per cent. In 10 dogs, the corresponding value was 502 per cent increase. 
These re.':ults indicate that pilocarpine nitrate, and probably also the other active 
parasjmpathomimetic drugs, increase the output of R.T.F. to a considerable 
degree in the species mentioned as well as in cats. 
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The effect of atropine sidphate. Atropine sulphate injected alone into rabbits, 
cats and dogs has little or no effect upon the volume output of R.T.P. (4). AMien 
given to animals with an augmented ouput of R.T.F. due to administration of 
parasympathomimetic it reduced toward normal this augmented output. Tliis 
was proven in 42 cats given 1 or 2 mgm. per kilo body weight of pilocarpine nit- 
trate with or without simultaneous injections of increasing doses of atropine 



HOURS AFTER DRUGS 

Fig. 1. The Percentage Increase in the Output of R.T.F. in Cats Produced bt 
Injection of Pilocarpine Nitrate and the Effect Thereon of Simul- 
taneous Injection of Increasing Doses of Atropine Sulphate 

sulphate. The results were averaged, calculated on the basis of percentage 
change in the volume output of R.T.F. as before and the mean data have been 
plotted in figure 1. 

The administration of pilocarpine nitrate alone produced the usual augmented 
output of R.T.F. When atropine sulphate was given at the same time in doses 
of 10 mgm. per kilo body weight, the maximal increase in the output of R.T.F. 
was only 27 per cent. Increasing the dose of atropine sulphate to 20 mgm. per 
kilo body weight, reduced the mean maximal increase from pilocarpine to 14 per 
cent. The combination of pilocarpine nitrate with 40 mgm. per kilo of atropine 
sulphate completely eliminated the increased output of R.T.F. These results 
suggested that pilocarpine nitrate, and probably the other active cholinergic 
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drugs, increased the output of R.T.F. most likely by acting upon the cholinergic 
receptor cells in the secretory glands of the respiratory tract. The doses of atro- 
pine sulphate required to neutralize the expectorant effect of pilocarpine were 
larger than would be expected and this suggests the possibility that the glands 
of the lower respiratory tract are resistant to the action of atropine. 

Section of the cervical vagus nerve. In further studies upon the mechanism of 
action of pilocarpine nitrate (again selected as an example of parasympathomi- 
metic drugs) in augmenting the output of R.T.F., the vagus nerve was cut above 
its branches to the lungs in 17 cats. The animals were arranged for collection 
of R.T.F. and pilocarpine nitrate injected in a dose of 1 to 2 mgm. per kilo body 
weight. In all except one animal there followed an increase in the output of 
R.T.F. The mean percentage increases for each successive hour after injecting 
pilocarpine were: 1st hour — ^290 per cent, 2ad hour — 179 per cent, 3rd hour — 111 
per cent and 4th hour — 43 per cent. 

These results prove that pilocarpine nitrate, and probably the other active 
parasjunpathomimetic drugs, increased the output of R.T.F. not by acting cen- 
trally but by acting directly upon the secretory cells of the respiratory tract. It 
is of interest that practically all expectorant drugs studied in this laboratory have 
been found to act reflexly from the stomach. One important exception was the 
group of expectorant volatile oils which were proven not to act reflexly from the 
stomach but probably directly upon the secretory cells of the respiratory tract 
(8). To this group may now be added the parasympathomimetic drugs. 

Decerebrate cats. In all of the above experiments, the animals were lightly 
anaesthetized with intraperitoneal injections of urethane in a dose sufficient to 
produce about 25 per cent of surgical anaesthesia according to Guedel’s criteria, 
i.e. to about the bottom of plane I of Stage 3. It was considered that the use of 
an anaesthetic agent might have depressed the expectorant action of parasym- 
pathomimetic drugs. Hence 11 cats were decerebrated, arranged for collection 
of R.T.F. and after 3 hours given a subcutaneous injection of 2 mgm. per kilo 
body weight of pilocarpine nitrate, which was selected again as an example of 
parasympathomimetic drugs. There followed an increase in the output of R.T.F. 
of about the same order of magnitude and duration as in the urethanized animals. 

Seasonal variation. No systematic investigation was made of the effect of 
season upon parasympathomimetic drugs and R.T.F. production. It may be 
noted, however, that the original experiment upon pilocarpine nitrate was per- 
formed in the summer months and a considerable increase in the output of R.T.F. 
was obtained with a dose of 1 mgm. per kilo bod 3 ' weight. M’hen this dose of 
pilocarpine was given later in the ^s-inte^ and spring, to our surprise it failed to 
have its usual effect. The sample of the drug was taken from the same bottle 
as had been used previously, so that the difference could not be ascribed to 
variations in the potencj' of batches of pilocarpine nitrate. Hence a series of e.x- 
periments was performed upon cats, using a range of doses of pilocarpine nitrate. 
It was found that in the winter and spring months, approximately double the 
dose had to be used to increase the output of R.T.F. to the same extent as in the 
summer months. 
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The Specific graviltj of R.T.F. In the c.s'periments described above, the sole 
effect of parasympathomimetic drugs discussed was their influence upon the vol- 
ume output of R.T.F. In addition to investigating the volume -output, we also 
studied changes, if any, in the specific grasity of R.T.F. Since the s-olurae of 
R.T.F. produced per hour is small, the procedure followed was to measure the 
specific graidty of the entire output of R.T.F. during the three hours before giv- 
ing a parasympathomimetic drug and repeat this for the four hours folloiring 

TABLE 2 


The effect upon the speciffe gravity, relative viscosity and chloride content of respiratory tract 
fluid in cats of subcutaneous injection of a range of doses of parasympathomimetic drugs 


DSUC 

j 

DOSE 

SP. CEAMTV 

1IELATI\X 
%’1SC05ITY 
(distilled 
VTATEE »• 
!,000) 

CBLOIIDE 





ngn./lOO nj. 

Saline, 1-3 hrs 

1 ml./kilo 


1.11 

67.0 

Saline, 4-7 hrs 1 

1 ml./lcilo 

1.0035 

1.19 

40.0 

Acetylcholine 

2 

i 


85.2 

Acetylcholine 

40 

1.01C5 


314.5 

Mecholyl 

5 

0.9S51 



Mecholyl 

7.5 

l.OOOS 

1.55 

193.1 

Mccholyl 

10.0 

0.9905 

1.60 

475.7 

Carbachpl 

0.01 

0.996S 

1.05 

21.3 

Carbachol 

0.05 

0.993S 


93.7 

Carbachol 

0.10 

1.0020 


369.2 

Urecholino 

0.5 

1.0162 

1.89 

448.6 

Furmethide i 

0.1 

0.9953 

1.29 

100.0 

Furmethide I 

0.3 

0.9950 


172.5 

Physostigmine 

0.01 

0.9959 


35.5 

Physostigmine 

0.5 

0.9955 


71.0 

Physostigmine 

0.75 

0.99S7 


136.3 

Prostigmine 

0.2 

0.9973 

1.09 

103.0 

Pilocarpine 

0.05 

0.9945 

1.13 

57.5 

Pilocarpine 

0.25 

0.99S5 


100.1 

Pilocarpine 

0.5 

0.9969 

1.69 

200.9 

Pilocarpine 

1.0 

1.0041 

1.82 

520.4 

Arecoline 

1 

1.0 

0.9961 

l.SO 

I 

204.5 ' 


administration. This was done upon the R.T.F. of most of the cats, changes in 
the volume output of which have been listed in table 1 . The results were avar- 
aged and these means are given in table 2. 

Boj'd et al. (11) have previously reported upon many of the normal physical 
and chemical properties of R.T.F., and the mean specific gravity of cat R.T.F. 
was shown to be 1.014. A somewhat lower mean was obtained in the present 
investigation: 0.9980 for the first 3 hours of collection of R.T.F. and 1.0035 for 
the 4th to 7th hours. The specific gravity of R.T.F., during the four hours after 
gi\dng the drugs, was not markedly affected by injection of various doses of 
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parasympathomimetic drugs. The grand average of all means after gi\'ing para- 
■sympathomimetic drugs was 0.9985, in contrast to the mean after giving the 
control saline injection of 1.0035. IMiile the difference is not striking, the mean 
specific gravities of R.T.F. after ghdng parasj-mpathomimetic drugs were almost 
invariably lower than the specific gravity of the control R.T.F . It seems reason- 
able to conclude that parnsjunpathomimetic drugs have little effect upon the 
specific gravity of R.T.F. but that what mean difference there is, is on the side of 
lowering of the specific gravity. 

The relalive viscosity of R.T.F. In a similar manner, the relative viscosity of 
R.T.F. collected 3 hours before and 4 hours after administration of the drugs, was 
determined using Ostwald viscosity pipettes. The mean results are recorded in 
table 2. The mean relative rdscosity increased slightly in the control animals, 
from 1.11 during the first 3 hours to 1.19 from the 4th to 7th hours. Unfortu- 
nately it was not possible to estimate the relative viscosity in all experiments, 
but the results obtained definitely indicate that parasympathomimetic drugs, 
especially in the higher doses, augment the relative viscosity of R.T.F. The 
grand mean of all relative viscosities of R.T.F. after giving parasiunpathomimetic 
drugs was 1.49 in contrast to 1.19 in the control group and 70 per cent of the 
values were above that of the control mean. It may be concluded, therefore, 
that parasjTnpathomimetic drugs, especially in higher doses, increase the relative 
viscosity of R.T.F. 

The chloride content of R.T.F. Of the three physical and chemical properties 
of R.T.F. which we were able to studj% parasympathomimetic drugs produced 
the greatest change in the chloride content of R.T.F. (table 2). In the control 
cats, the chloride content, estimated by Van Slyke’s method (12), averaged 67 
mgm. per 100 ml. of R.T.F. in the collection of the first three hours, which com- 
pares favourably vith previously published reports (11). During the next four 
hours in the control cats, the chloride content fell to 40 mgm. per 100 ml. of 
R.T.F. In marked contrast, the chloride content of R.T.F. of all cats receiving 
parasjTnpathomimetic drugs, rose and rose markedlj' as the doses of the drugs 
were increased. This occurred without deception in all instances. The grand 
mean of the individual averages for chloride content after giving parasjTnpatho- 
mimetic dmgs was 195 mgm. per 100 ml. of R.T.F. in contrast to 40.0 in the con- 
trols. It may be concluded that parasympathomimetic drugs produce an in- 
crease, and a marked increase as the dose is raised, in the chloride content of 
R.T.F. of cats. 


SUMMARY 

.\ppro\imatcK' 400 animals, including albino rats, guinea-pigs, rabbits, cats 
and dogs, were arranged for the collection of respiratorj' tract fluid (R.T.F.). A 
range of <lo-'cs of eleven parasj'mpathomimetic drags (acetj'lcholine, mecholjd, 
oarbachol, urccholine, furmethide, phj'.^jostigminc, prostigmine, the dimethjdure- 
thanc of m-isopropyl-p-diraethjd-amino-phenol methiodide, the dimcthylurc- 
thanc of ji-dimcthylamino thymol methiodide, pilocai-pine and arecoline) was 
administered subcutanooudj’. 
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Practically all the dnigs increased the volume output of Il.T.F., some to over 
1 ,000 per cent. 

Atropine sulphate eliminated this effect when produced bj' pilocarpine, selected 
as an example of this group. 

Section of the cervical vagus nerve had no effect upon the action of pilocarpine 
in cats. 

Pilocarpine was as effective in decerebrate as in urethanized cats. 

There was some evidence that pilocarpine is less effective in the winter and 
spring than in the summer months. 

The mean specific gra\’it}' of cat R.T.F. was slightli' lowered by parasympatho- 
mimetic drugs. 

The relative ^^scosity of cat R.T.F. was increased by parasjmpathomimetic 
drugs. 

The chloride content of R.T.F. was markedlj' increased by parnsjunpathomi- 
metic drugs. 
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The mechanism of the depressant action of barbiturates on the central nervous 
system is not clearly understood. However, evidence is accumulating to suggest 
some relationship between the action of this group of drugs and altered car- 
bohydrate metabolism. Such a relationship might be expected, since Himwich 
and Nahum (1932) found the respiratory quotient of the dog brain to be about 
1.00, indicating an extremely large proportion of carboh 3 ^drates (as compared 
to other metabolites) being metabolized by the brain. Studies of brain metabo- 
lism have revealed that the addition of p 3 ’-ruvate to brain tissue partially depleted 
of its autoxidizable material restores the rate of oxidation to a level equal or higher 
than that reached bs' adding glucose (Quastel and lVheatle 3 ’', 1932). These 
writers in later work (1933) suggested that a charaeteristic feature of narcotic 
activity (including allylisopropylbarbituric acid and phenyleth 3 ’lbarbituric acid) 
is an inhibitory effect on the oxidations of glucose, sodium lactate and sodium 
pyruvate and little or none at all of that of sodium succinate. The literature 
however is somewhat confusing on a possible antagonism of barbiturate depres- 
sion by succinate (Soskin and Taubenhaus, 1943; Lard 3 ', Hansen, and Phillips, 
1944; Beyer and Latren, 1944; Pinschmidt, Ramsey and Haag, 1945; Corson, 
Koppanyi and Vivino, 1945; DeBoer, 1946). Quastel (1936) suggested that 
narcosis itself is linked with the power of the narco(.ics to inhibit glucose or lactic 
acid oxidations at the nervous centers at which the narcotics are adsorbed, and 
that the narcotics do not interfere with the access or activation of oxygen by 
brain tissue. In an extensive re^•iew and discussion of the comparative bio- 
chemistr 3 ' of carbohydrate metabolism, Barron (1943) was of the opinion that 
pyruvate is the most important intermediary product in carbohydrate metabo- 
lism, as it is the end product of the first anaerobic phase of fermentation and the 
fir.^t step of carboh 3 'drate oxidation and symthesis. Dorfman (1943) in a detailed 
discussion of the pathway's of glycolysis believes that py'mvic acid may' be re- 
duced to lactic acid, dccarboxylated or oxidized by' a great variety' of reactions. 

ExrF.MMF.XTAL. The present study li.ns been made in an attempt to determine whether 
pyruvic acid plays some rtHe in the anesthetic effect of pentobarbital on rabbits. As it has 
been shown that hjperRlycemia increases the pyruvate content of the blood (Bueding, 
1 azenkas, llcrlich, and Himwich, 1912, Bueding, Stein and Wortis, 1911; and Bueding and 
Ooldfarb, 1913) and that injections of epinephrine into animals will raise both the blood 
sugar level and the pyruvic acid level (Schmidt, 1912), eight young rabbits were injected 
with a heavy anesthetic dose of sodium pentobarbital (lO-mgm./kgm. I.V.) followed by an 
intramu«cular injection of epinephrine hydrochloride (0 05 cc of l-2|000Agra.) to determine 
the effect epinephrine might hare on the depression produced by the pentobarbital. The 
sleeping time is defined as the interval between the injection of the r.abbit with pentobarbi- 
tal and the time that the rabbit would no longer remain on its back. The anesthetized rnb- 
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bits were placed on their backs and every five minutes rolled over and back again as a mild 
stimulus to assure a better end point. The control group of eight rabbits received the same 
treatment, omitting the epinephrine. 


TABLE 1 


a. Sleeping time of rabbits injected with pentobarbital sodium.* 


RADBIT KUHBER 

1 ! 

ncro**: rnvro- 
nAVDlTAL 
ELOOOSyCit 

osT nou» 

AFTER IS’JEC- 
TIOS DLOOD 
sue SR 

OS A\SAKr^^^C 
BLOOD SUC\R 

SLrrnsoTivtE 



! mjrt. per tent 

rrf«. {er cent 

nfH per cent 

niruUs 

1 

1.G4 

106 

104 

9S 

139 

2 

1.49 

100 

97 

95 

128 

3 

1.89 

97 

100 

100 

90 

4 

1.89 

97 

OS 

91 

93 

5 

1.70 

103 

100 

100 

70 

G 

1.41 

95 

89 

79 

115 

7 

1.10 

97 

96 

84 

118 

8 

1.70 

103 

9S 

85 

110 

Average 

1.60 

100 

9S 

92 

lOS 


b. Sleeping time of rabbits injected with pentobarbital sodium* and epinephrine. t 


9 

2.09 

101 

193 

230 

78 

10 

2.27 

89 

133 

133 

GO 

11 

2.13 

105 

196 

190 

60 

12 

2.13 

no 

161 

169 

79 

13 

1.63 

114 

140 

139 

87 

14 

l.OS 

105 


184 

49 

15 

1.63 

104 

159 

159 

60 

16 

1.68 

105 

149 

150 

75 

Average 

1.91 

104 

141 

172 

68 

c. Sleeping time of rabbits injected 

with pentobarbital sodium* and insulin. t 

17 

1.59 

104 


61 

r 

; 44 

18 

1.52 

91 

78 

78 

62 

19 

1.80 

98 

75 

75 

62 

20 

1.59 

104 


53 

56 

21 

1.63 

106 


52 

56 

22 

1.86 

106 

41 

41 

61 

23 

1.47 

97 

42 

42 

61 

24 

1.54 

100 


71 

54 

Average 

1.63 

101 

59 

59 

57 


* 40 mgm. per kgm. 

t 0.05 cc of 1-2,000 epinephrine hydrochloride per kgm. 
1 1 unit per kgm. 


Table 1 shows an average sleeping time of 108 minutes, for the control animals 
and an average blood sugar level of approximately 100 mgm. per cent both before 
and after the injection of pentobarbital. However, in table 2 the average blood 
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sugar level rose from 104 mgm. per cent before injectiou of tbe pentobarbital and 
epinephrine to 164 mgm. per cent one hour after injection of those drugs, and to 
172 mgm. per cent at the time of awakening. The average sleeping time was 
only 68 minutes as compared to 108 minutes for the control rabbits. 

From the data in table 1 it is not evident whether the shortened sleeping time 
due to epinephrine results directly from the increased blood sugar or a greater 
supply of pyruvate. Therefore, to distinguish between these possibilities, in- 
sulin was injected into rabbits, for insulin has been shown to increase the me- 
tabolism of pyruvic acid injected intravenously into rabbits (Delrue and Dekeye- 
ser, 1940; although Elliot, Rivers, Elliott and Platt in 1941 found no change 
in man) and to decrease the level of pyruvate in the blood (Nylin, Euler and Hog- 
berg, 1939; Euler, and Hogberg, 1940). Eight rabbits were injected with pento- 
barbital sodium (40 mgm./kgm.) followed immediately by an intramuscular in- 
jection of insulin (1 unit/kgm. I.M.). Table 1 shows that these animals slept 
an average of only 57 minutes and had an average blood sugar level of 59 mgm. 
per cent at the time of waking. By comparing the sleeping time and the high 
blood sugar level of the anesthetized rabbits receiving epinephrine with the still 
shorter sleeping time, but very low blood sugar level in those animals receiving 
insulin, it is obvious that the blood sugar level alone is not the determining factor 
as regards sleeping time under barbiturate anesthesia. 

As epinephrine and insulin each will increase tissue oxidation (Ahlgren 1924; 
Euler, 1930), and epinephrine will increase the pjnuvate level of the blood and 
as insulin has been found to increase pyruvate metabolism, thus lowering the 
pyruvate content of the blood, and both have been found by the UTiter to shorten 
the sleeping time in rabbits anesthetized nith pentobarbital sodium, it seemed 
logical that some sort of utilization of pyruvic acid might be the step in car- 
bohydrate metabolism being depressed by the barbiturate compound. There- 
fore, if the supply of pyruvic acid in the blood were increased by injection, the 
action of the pyruvate might be increased and the intensity or duration (or 
both) of depression due to pentobarbital correspondingly decreased. 

TbcTeiore, in an e.xpioratory experiment eight rabbits were injected intrave- 
nously with pentobarbital sodium (40 mgm./kgm.) and then immediately nith 
pyruvic acid (5 mgm./kgm. in 0.85 per cent saline solution). This group of ani- 
mals reacted in a manner such that the endpoint for the sleeping time was verj' 
difficult to obtain. The time elapsing between injection and refusal to stay on the 
back was much shorter, but there followed a long period of stupor during which no 
.spontaneous movement occurred. When the sleeping time was added to this 
period of stupor the tctal time thus obtained (referred to hereafter as "total de- 
pression time”) was practially as long as the sleeping time of the controls. This 
experiment was repeated on a group of 16 young rabbits, and a group of 16 adult 
rabbits, specific attention being given to sleeping time and total depression time. 
The results arc sliomi in table 2. The sleeping time in the control animals 
averaged 99 minutes with only 4 additional minutes elapsing before spontaneous 
movements occurred, whereas in the group of young animals receiving the py- 
ruvic acid the sleeping time averaged only 73 minutes with 29 minutes more re- 
quired before spontaneous movements were noted. The sleeping time of the 
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adult control animals averaged 97 minutes while that of the experimental group 
was only 54 minutes. Again the verj' short additional time of 5 minutes for the 
control animals as compared to 42 for those receiving pyruvic acid was obsen'ed 
before spontaneous movements occurred after the sleeping time had ended. The 
total depression time in the j’oung animals was 103 minutes compared to 102 
minutes for the e.xperimental group. Similarly, 103 minutes for the total de- 
pression time of the adult control group and 96 minutes for the e.xperimental 
animals were observed. 


TABLE 2 

Effects of pyruvic acid injection on sleeping time and total depression time in rabbits 
anesthetized tcith pentobarbital sodium 


a. Young rabbits receiving pentobar- Young rabbits receiving pentobarbital 
Vital sodium sodium and pyruvic acid 


JABBIT KUUBER 

vrr. 

SlXEf^NO 

TlMZ 

TOTAI. 

DEPIESSIOJ4 

TtVE 

RABBIT KTUBER 

WT. 

SLEEPIXO 

tivt: 

TOT At 
DCrRESSlOX 
TDff 


kfnt. 

rninttlti 

ninutet 



minulfj 

ninutes 

2S 

3.00 

131 

133 

33 

3.00 

66 

ss 

2G 

2.36 

132 

136 

34 

2.36 

77 

99 

27 

2.60 

102 

111 

35 

2.45 

71 

97 

28 

2.60 

79 

85 

36 

2.36 

73 

106 

29 

3.09 

100 

100 

37 

3.10 

78 

109 

30 

2.50 

86 

87 

38 

2.45 

80 

112 

31 

2.89 

61 

05 

39 

2.71 

76 

99 

32 

2.90 

lOS 

108 

40 

2.25 

67 

107 

Average 

2.73 

99 

103 

Average 

2.57 

73 

102 


b. Adult rabbits receiving pentobar- Adult rabbits receiving pentobarbital 
bital sodium. sodium and pjTUvic acid. 


41 

4.10 

100 

105 

49 

3.20 

38 

98 

42 

4.10 

135 

146 

50 

3.80 

67 

122 

43 

4.00 

145 

149 

51 

4.05 

41 

102 

44 

3.00 

90 

93 

52 

3.15 

66 

SS 

45 

4.05 

70 

75 

53 

3.00 

49 

84 

46 

3.20 

71 

76 

64 

4.00 

64 

114 

47 

3.15 

75 

76 

55 

4.10 

42 

SO 

48 

3.80 

97 

103 

56 

4.10 

67 

84 

Average 

3.68 

97 

103 

Average 

3.67 

54 

96 


As the same dose of pyruvic acid injected into each of 6 rabbits having no 
pentobarbital produced no apparent depressing effect, the stupor observed in the 
above experimental group receitdng pentobarbital could not be due to simple 
hyperpyruvaemia. 

Discussion. The data presented indicate an inverse relationship between 
the amount of pyrutde acid available in the blood and the degree of depression 
produced in rabbits by pentobarbital sodium. Although the total depression 
time was not altered materially by the pyruvic acid injection, the shortened sleep- 
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ing time as judged from the rabbit’s failure to remain on its back after having had 
its position changed, coupled with various responses characteristic of light stages 
of anesthesia by the experimental animals, and not shown by the control rabbits 
during the sleeping time, indicated an antagonistic effect between the pyruidc 
acid and pentobarbital sodium. Three possible explanations for this inhibition 
of depression present themselves, namely, the higher p 3 'ruvic acid level may have 
increased the rate of excretion of the barbiturate, or the rate of destruction of 
the pentobarbital sodium, or the action of pyruvic acid or its breakdown products. 
As the total depression time was relatively unchanged the rate of destruction or 
excretion of the barbiturate probably was not altered to any great extent, for 
it is knoivn that smaller doses not only depress an animal to a lesser degree, but 
also persist for a shorter time. Therefore, it would appear that the decreased 
depth of depression of the animals by the barbiturate when followed by the in- 
jection of pyruvic acid results from an antagonism of the pyruv'ate against 
the action of the pentobarbital. 


SUSIMARY 

Data on 64 rabbits anesthetized with pentobarbital sodium (40 mgm./kgm. 
intravenously) indicate that; 

1. Epinephrine increases the blood sugar level and shortens the sleeping time. 

2. Insulin decreases the blood sugar level and shortens the sleeping time. 

3. Intravenous injection of pyruvic acid decreases the depth of depression, 
and shortens the sleeping time (as defined in this studj0> but does not alter 
materially total depression time in rabbits. 
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Senccionine is an alkaloid occurring in several species of Scnccio: S. vulgaris, 
S. viscosus, S. squalidus, S. •integerrimus, S. aureus, and S. pseudo-arnica (1). 
Harris, Anderson, and Chen (2) found that intravenous injection of a single dose 
of senecionine in mice ivas followed by necrosis of the liver cells, sinusoidal con- 
gestion, and hemorrhage into the hepatic cell cords. In addition, hydrothorax, 
ascites, and pulmonary edema occurred in some mice. It was also observed that 
senecionine when injected intravenously into rats prolonged the plasma pro- 
thrombin time (3). 

The present study was undertaken to ascertain what effect senecionine would 
have on prothrombin time, the liver, and other organs, of a mammal closer to 
man in the evolutionary scale, namelj', the monkey (Macaco rhesus). 

The specimen of senecionine was generously supplied by Dr. Richard H. F. 
Manske, formerly of the Division of Chemistry, National Research Council, 
Ottawa, Canada. It was isolated from S. vidgaris (4) and S. integerrimus. 
Solutions were made by dissolving the weighed quantities in cquimolecular 
amounts of hydrochloric acid. 

Methods. Four monkeys of various ages weighing between 3.3 and S.S kilograms were 
used in this study. Control plasma prothrombin times were taken before the intravenous 
administration of senecionine, and at intervals thereafter until the animal succumbed to the 
toxic effects of the drug. Plasma prothrombin determinations were made as described 
previously (3). A 2 per cent solution of senecionine was slowly administered into a vein of 
one of the limbs. The initial dose varied from 10 to 30 mg. per kg. It was repeated — usu- 
ally daily until the animal became apparently ill. To avoid postmortem changes, necropsy 
was made as soon as possible after, or on the point of, death, and specimens acre taken from 
various organs for histopathologic study. 

Three additional rhesus monkeys a'erc sacrificed, and their organs 'vere removed for 
microscopic examination. Thc}’ served as controls. This enabled us to compare carefully 
the normal organs and those under the influence of senecionine. 

Results. 1. Effects on prothrombin activity. Tlie effects of senecionine on 
the prothrombin activitj- of dilute (12.5 per cent) plasma in 4 monkeys are sum- 
marized in table 1. In monkeys numbered 1, 2, and 4, a progressive prolongation 
of prothrombin time was observed. In monkey numbered 3, there was a slight 
prolongation of the prothrombin time during the first day after the initial dose 
of senecionine, but a return to normal occurred thereafter oven though the animal 
succumbed on the ninth day, after having received 4 injections of senecionine 
totaling 75 mg. per kg. of body weight. 

Accompanying the depression of plasma prothrombin there was a progressive 
increase in serum bilirubin. This rise in blood bilirubin was also obtained in the 
monkey whose plasma prothrombin was not much affected by senecionine. 
Monkeys numbered 1 and 2, after administration of the drug, had clonic con- 
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vulsions which lasted several minutes. Ail the animals were depressed and pros- 
trated for long periods before death. 


TABLE 1 


Effects of senectontne on prothrombin activity 




Liven Xechosis Pno»i.ci.D by Sentciomn-e. XJ20 

Ecncaomnp"Tm^/''^! "eiElnnK 3 3 kg , naa injected intravenously 2 doses of 

Ti.'i!.' 1 '"K- per kg on 2 consecutive days It died on the third day 

sisl inimed.ateirabour^hc 


. ^^ttropsij Jhultnris. The lesions in monkeys numbered 1, 2, and 4 were 
similar, and for that reason one description i\ill suffice for all. The tissues were 
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slightly icteric. The liver was friable and diffuselj' yellow. In some regions, 
the lobules were indistinguishable, but in the greater portion of the tissue the 
lobules were rendered very conspicuous b 3 ' a dull, yellow, opaque network which 
contrasted stronglj’ with the more translucent brown tissue in the interstices. 
In manj' places a delicate red network was seen in the opaque tissue. In monkej' 
numbered 2, petechiae were seen in the peritoneal surfaces, eiiicaidium, and left 
ventricular endocardium. There were also a few small erosions of the mucosa 


nm 


m 










Fig. 2. Fattv Degeneration or the kidney. X120 

Monkey numbered 2, female, weighing 8.5 kg , was injected intravenously a single dose 
of senecionine, 30 mg. per kg. It died on the third day. The section of the kidney was 
stained with scarlet red alone. Cells of the pro\imaI convoluted tubules contain many 
small fat vacuoles. The glomeruli contain very little fat. 

Some fat-free distal tubules are included. 

of the fundus of the stomach. A few petechiae were also observed in the left 
ventricular endocardium of monkej' numbeied 4. The other viscera of these 3 
animals w ere not grossly abnormal. 

Microscopic examination revealed significant changes in the liver and the 
kidneys only. There w’as extensive midzonal and periportal necrosis, usually 
w'ith only a few viable liver cells persisting about the portal spaces and broad 
bands of viable cells about the central vein. An example is shown in figure 1. 
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In some places, necrosis was more extensive, and only a few viable cells sur- 
rounded the central veins. Occasionally, necrosis involved all liver cells of 
several contiguous lobules. In places, hemorrhage had occurred into the cords 
of necrotic cells, but in no section was it extensive. Much fat was present in the 
necrotic cells as well as in the viable ones. Leukocytic infiltration of necrotic 
cells was rarely encountered, and, when present, it was never found to be heavy. 

The cells of the renal convoluted tubules of all 3 monkeys contained fat drop- 
lets, the proximal tubules showing considerably more and larger droplets than the 
distal tubules. This condition was most striking in animal numbered 2, and was 
least pronounced in animal numbered 4. The fat deposition is very obrdous in 
figure 2. The presence of fat droplets was confirmed by scarlet red stain. The 
kidneys of 3 untreated monkeys, studied at the same time, were devoid of fat 
droplets. 

The liver of monkey numbered 3 showed neither necrosis nor fatty metamor- 
phosis. In fact, it appeared entirely normal. This is in harmony ndth the ob- 
servation that the prothrombin time of the same animal became normal. The 
cells of the renal proximal convoluted tubules, like those of the other 3 monkeys, 
contained many fat globules; and the cells of the distal convoluted tubules, 
smaller numbers of minute fat globules. There was hemorrhage in the center of 
the left adrenal gland of this monkey. Microscopically, it was seen to have 
occurred at the cortico-medullary junction; and at the periphery, small numbers 
of fibroblasts were easily made out. This lesion of the adrenal gland, however, 
could have been accidental. 

A point of some interest, vith reference to the hepatic injury, is that in rats 
and mice necrosis occurred primarily in the central part of the lobule, whereas 
in the monkey the cells in the center of the lobule were the least susceptible to 
the action of senecionine. The reason for this difference is problematic, but 
herein we have another example of the well-knomi variation in susceptibility 
to injurious agents among animals of different species. 

SUM>I.\KY 

Intravenous administration of senecionine to 4 rhesus monkeys led to the de- 
velopment of extensive necrosis of the liver of 3 of the animals, and to fatty de- 
generation of the kidneys of all 4. Associated with the hepatic necrosis were a 
steady increase of prothrombin time and a progressive elevation of the serum 
bilinibin. 

Achwickdgmcnt; The authors arc indebted to Messrs. Robert D. Fink, Robert 
C. Anderson, Davis V. Rawlings, Harold M. Worth, and Frederic C. Rice, Jr., 
for their valuable assistance in numerous experiments. 
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The marked reduction of the chemotherapeutic effect of sulfonamides by the 
presence of pus and cell detritus has been explained by their content of p-amino- 
benzoic acid (PABA). This substance supposedly competes ivith the sulfona- 
mides for the same receptors in the metabolic processes of the bacteria, due to the 
chemical similarity of the structues of. PABA and the suKonamides (1); or inter- 
feres on the basis of this similarity with- certain catalytic processes (2 and 3). 
It was soon discovered that other drugs containing the PABA structure also in- 
hibit the therapeutic action of sulfonamides. The most important examples are 
local anesthetics which arc derived from PABA, particularly procaine and its 
congeners. 

There is good experimental evidence (4 and 5) that procaine, being an ester of 
PABA with diethylaminoethanol, is easily' split in the body into these compo- 
nents. This is probably the first step in the metabolic disintegration of this com- 
pound. In a study of the mechanism of the commlsive action of local anesthetics, 
it seemed possible that the presence of large amounts of PABA in the body might 
perhaps antagonize these central effects of procaine in a similar manner as in the 
case of PABA and sulfonamides in bacteria. 

Expebimental. In agreement with Beutner (6), we found the guinea pig a very suitable 
animal for the study of procaine-induced con\'ulsions. No tolerance formation to the con- 
vulsive action developed in our experiments, where the animals were allowed at least four 
days’ rest between tests. Animals of both sexes, usually weighing between 300 and 500 gm., 
were used. They were kept on a diet of rabbit pellets with ample fresh greens added. The 
importance of a satisfactory Vitamin C supply will be reported in another publication (7). 
Injections with local anesthetics were made intTamuscularly into the hind legs and care was 
taken not to puncture blood vessels. A large percentage of the animals were injected first 
with the local anesthetics alone to determine their sensitivity before being used in the fol- 
lowing experiments. Frequently their convulsive reactions to the local anesthetic was 
rechecked after they had served in several tests. 

The bulk of the data obtained in these experiments is presented in table 1 
The intramuscular injection of 100 mg./kg. = 0.365 mM procaine hydrochloride, 
corresponding to 0.425 mM/kg. of the base as a 6% solution, produced convulsions 
in 83% of the animals. This result is the average of all groups of animals usually 
consisting of 10-12 guinea pigs, and is in agreement with our previous experi- 
ences tvith this species (8). The convulsions began 5 to 10 minutes after injec- 
tion and the tonic-clonic seizures of a moderate to sev'ere degree lasted 5 to 25 
minutes and were non-fatal. '' 

The toxicity of PABA is quite low (9). The fatal dose in guinea pigs -was not 
determined but it was found that intraperitoneal or intravenous injections of 800 
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mg./kg. of a 10% PABA solution, neutralized to a pH of 6-7.5 with HaOH, 
produced no noticeable symptoms in this species. In most experiments, we in- 
jected the drug intraperitoneally 30 to 35 minutes before the intramuscular in- 

TABLE I 


Inhibition of -procaine convvlsions in guinea pigs by p-amino benzoic acid and some of its 

derivatives* 
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T)»UC TESTXO (mol. 
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0.364 
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tonic clonic convul- 
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25/25 



tonic clonic convul- 
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sions 

2 

p-Amino Benzoic 

400 

2.9 

100 

8 



Yes 

mild convulsions 


Acid CeH.(XHj)- 

600 

4.4 

100 


4/30 

13 1 

Y'es 

mild convulsions 


COOH (137) 

800 

5.8 

125 

0.456 

6/16 ! 

37 

Yes 

p.a.b. given i.v. 5 










j min. before proc. 

3 

o-Amino Benzoic 

400 

2.9 

100 


9/13 

69 

No 



Acid (137) 

600 

4.4 

100 



S3 

Xo 


4 

p-Hydroxy Benzoic 

470 

3.4 

100 

!W 

9/19 

4S 

Yes’ 

predominantly mild 


Acid G eH.(OH)- 









convulsions 


COOH (13S) 

622 

4.5 

100 

0 364 

15/27 

65 

Yes 

predominantly mild 











convulsions 

5 

o-Hydroxy Benzoic 

470 

3.4 

100 


12/12 


Xo 

1 fatal 


Acid (13S) 

622 

4 5 

100 


10/12 

83 

Xo 

2 fatal 

6 

Benzoic Acid CeHs- 

600 

4.9 

100 


5/15 

33 

Yes 

predominantly mild 


COOH (122) 









convulsions 

7 

Sulfathiazole (253) 

640 

2.5 

100 

BmwiI 

! 9/12 

75 

Xo 

ST given 45 min. 






mu 

1 


1 

1 

prior to Procaine 

8 

Sulfanilamide (172) 

lOOO 

1 5.8 

100 


11/11 

m 

,Xo 

1 

1 S.4. given in 2 doses 






m 

1 



1 



* Injocted intraperitoneally 30-35 minutes prior to intramuscular injection of Procaine 
nCI creept the last dose of (2) — see under “remarks.” 

Drugs Xos. 2-C were given as Xa salts of a pH of G-7.5. 

Drugs Xos. 7-S were dissolved ndth XaOII. 

jeetion of the convulsant; intravenous administration of P-AB.A. immediately 
before the intramuscular injection of procaine was made in only one group 
(t.able 1). 
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With this technique, no significant effect upon procaine comoilsions was pro- 
duced by premedication with 200 mg./kg. PABA as sodium salt; however, with 
400 mg./kg. = 2.9 mM/kg., only 56% had convulsions. The onset of the 
seizures in this group was frequentlj' delayed for fifteen minutes and their 
severity was greatlj’ lessened.* Wfith a dose of 600 mg./kg. PAJBA, a further 
reduction of the con\’ulsions to 13% was obtained. If SOO mg./kg. PABA were 
given mtravenousl 3 ' five minutes before the intramuscular injection of 125 
mg./kg, procaine, onlv’ 37% of the animals e.vperienced con\'ulsions against 
100% in untreated animals. A statistical anali'sis of the significance of the 
data was made bj”^ the x” test, using 2x2 tables, comparing the groups pretreated 
with the different drug, wth the group injected with procaine alone. The 
Yates correction was cmploj'ed where (fesirable. A x" value of above 3.84 was 
taken as indicating a significant difference. 

In order to determine the degree of specificit 3 ' of the protective effect produced 
b 3 ' PABA, We ne.xt tested several related compounds as listed in table 1. Ortho- 
aminobenzoic acid proved to be ineffective if used at the same dose levels as the 
para form. Comparable amounts of either benzoic or p-h 3 ’drox 3 'benzoic acid 
exerted some protective action, but not o-hydrox 3 'benzoic acid. 

Two members of the sulfonamide series failed to show protective action nith 
the use of either smaller (sulfathiazole) or larger (sulfanilamide) mole equi- 
valents than PABA itself. 

After it was thus shown that premedication with a large amount of PABA in- 
hibited the con\'ulsant action of procaine, a local anesthetic derived from this 
substance, the question arose as to what effect, if any, would be produced if the 
other part of the molecule, nameh* the aminoalcohol, were used in place of the 
PABA (table 2). 

The procedure was the same as that described. All amino alcohols were neu- 
tralized with h 3 ’drochloric acid and injected intraperitoneall 3 ' 30 minutes before 
the local anesthetic. Injections of 400 mg./kg. or 3.42 mM/kg. of diethylamino- 
ethanol (DEAE) produced no s 3 mptoms. However, if followed by 100 mg./kg. 
procaine, the incidence of con\Tilsions dropped to 8.8% (table 2, No. 1). Re- 
duction of the alcohol to 200 mg./kg. resulted in the loss of a protective effect. 

The fact that premedication with DEAE exerted a marked protective action 
invited the stud 3 ' of other amino alcohols having a longer or shorter alcoholic 
group or with the substitution of the alkyl radicals. The e.xtent of this work 
was limited b 3 '’ the availability of these compounds and b 3 ' toxic effects produced 
b 3 ' higher homologues. Alread 3 ', Richardson (10) had observed an increasing^ 
toxic action of alcohols nith lengthening of the chain. This work was later con- 
firmed by other investigators as Dold (11) and Macht (12). Hauschild (13) has 
studied some pharmacological actions of a selected number of alkyl and alcanol 
amines. The amino alcohols did not produce toxic symptoms in the e.xperiments 
listed on table 2 except where otherwise indicated. 

' In prelirninary experiments (Richards, R. K., J. Biol. Chem., 169: 241, 1945) only 15% 
of the animals pretreated with 400 mg./kg. P.ABA had convulsions. These data are not in- 
corporated in the experiments listed on table 1. 
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Since 3.4 mM/kg. DEAE were found protective, this dose was also used as the 
standard amount for the other compounds as shown in table 2. As can be seen, 
increase of the chain by one CHj did not destory the protective action. In fact, 
^-diethylaminopropanol (No. 2) is as effective as DEAE itself while the 7-ana- 

TABLE 2 


Effect of various N-substiiuted ammo alcohols upon procaine convulsions in guinea pigs 


COVreoXtKO TESTED 
(MOLECUtA* Wt ) 



MmiRFR 
COW , 

NUUBLIt 

USED 

%cow 

r 

EEMARES 

1. (CsHdsNCHjCHsOH 

ms Its- 

200 

mlf/kg 

1.71 

Cl 

7/10 

70 0 

No 

Mild convulsions 

(117) 

400 

3 42 

3/34 

8.8 

Yes 

Mild convulsions 

2. (CjHdjNCHCHiOH 

435 

3 4 

1/14 

7.2 

Yes 

Mild convulsions 

(131) 1 

CHj 

3. (CiH0jN(CH,),CHv 

435 

3.4 

5/25 

20 0 

Yes 

Mild convulsions 

OH (131) 

4. (C,H,)sN(CH,)jCH,- 

494 

3.4 

11/15 

73 0 

Ko 


OH (141) 

5. (CHj)jHCH,CHjOH 

300 

3 4 

9/10 

90 0 

No 


(89) 

0 CsHsNHCHsCHjOH 

300 

3 9 

7/10 

70 0 

No 


(89) 

7. c,h,nhch,ch.oh 

398 

3 4 

5/20 

25 0 

Yes 

One animal died 

(117) 

8. (C,H7),NCH,CH,0H 

225 

1.5 

8/24 

33 0 

Yes 

Two animals died 

(145) 

^CHiCHjOH 

9. CiHtK 

\ch»ch,oh 

(133) 

453 

3.4 

8/20 

40.0 

Yes 



The compounds were injected inlrapcritoneally as hydrochlorides 30 minutes prior to 
intramuscular injections of procaine hydrochloride. 


logue (No. 3) is less so. The next homologue diethylammobutanoi (No. 4) was 
no longer protective. 

Substitution of both ethyl groups by methyl (No. 5) lead to a complete loss of 
effectiveness. The monoethylaminoethanol (No. G) nas likewise inactive. 
However, the monobutyl derivative (No. 7), an isomer of DEAE, proved defi- 
nitely protective. This compound produced some toxic effects in the animals 
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sdsures in iMs group -was freguenflv ddaped for minuTes and 

sereritr ■seas greatlv lessened.^ TOli a dose of 600 mg., ig. PABA, a fnrfbsr 
reduction of tbe conTulaona t o OS^c '^ras bbtained. If SOO mg. 'bg. PABA trsre 
given intravenonslv five minutes before the intramuscular iniecdon o: 125 
mg-./bg. procaine, only 37% of tne animals experienced convrdaons against 
lOO^c in untreated animals, A stadsdcal anal ysis -of the sgninesnee of the 
data tvas made by the x" test, nang 2 s 2 tables, enmpating tie groups pretraatad 
tvitb the dinerent drug, trith the group injected vith procaine alone The 
Tates correction vas emplcyed tvbere tiEsrsble. A y- value of above S.S4 vras 
taien as indicating a agnincant dinerence. 

In order to determine the degree of specindty of the protective erect produced 
by PABA, ve nest tested several related camnounds as listed in table 1- ‘OrthD- 
aminobsuEoic acid proved to be ineueedve if used at the same dose levels the 
para form. Comparable amounts of either benzoic or n-hydrasybsnEmc add 
exerted some protective action, but not o-hydroxybenEcnc add. 

Tvo members of the sulfonamide series failed t o ^ov protective aodca ■sdth 
the use of ether smabe (sulfatbiaadlel or larger (sulfanilamide} mole egm- 
valents than P-4B-4. itself. 

After it vas thus siorm that premedicadon viti a large amount of PABA in- 
bibited tbe convulsant acdou of procaine a local anestbedc dedved from this 
substance, tbe question arose as to irbat eSect, if any. ~ould be produced if the 
othe nart of tbe molecule, namelv tbe aminoalcohD], v-sre used in nlare of tbs 
PAB.\ (table 2). 

The procedure vas the same as that described. ATI amino alcohols vere neu- 
tralized "ivith h^'drochloric add and injected imra'oeritonsallv SO minutes before 
the local anesthetic. Injections of 403 mg. tg. or 3.42 mbl -Vg of cietbylamino 
etbanol (DTI AT) produced no symptoms. Hovever, if foD'Oved by 103 mu.,bg- 
procaine, the incidence ca convulsions dropped to S.S^ (table 2, To. ll. Be- 
dnetion oi the alcohol to 203 mg. ig, resulted in the loss of a nrotecdve euect- 

The fact that premedicadon tdth DE.AE exerted a urDteedve aednn 

intited the study of other amino alcohols bating a ledger or shorter alcdbddc 
group or tvitb tbe substitution of the aiiyl radicals. The extent oi this trork 
tvas limited by the availability of these compounds and by toxic enects produced 
by higher homologues, -Already, Biebardson (10 ' bad observed an increasngiy 
tome action of alcohols tvitb lengthening of the chain. This trork tras later con- 
nrmed by other investigators as Dold (111 bischt (12'. Hauscinld (ISl has 
studied some pharmacological actions of a selected number of alky] and alcanhl 
amines. The amino alcohols did not produce intic ^rmptoms in the eimeriments 
listed on table 2 except trhere otbertvise indicated. 
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Since 3.4 miSl/kg. DBAE -were found protective, tins dose rras also used as the 
standard amount for the other compounds as shovi-n in table 2. As can be seen, 
increase of the by one CH; did not destorj' the protective action. In fact, 
^-diethylaminopropanol fiSTo. 2) is as effective as DEAE itself while the 7-ana- 

TABLE 2 


Effect of larious N-suhstituted amino alcohols upon procaine convulsions in guinea pigs 


COUPOrVD TESTED 
(UOIEaiAl VTT ) 

■ 

■ 



ABONE 

3 S-V 


1- (C;HihKCH.CH..OH 

nS /ts- 
200 

tr.Sf/lj 

1.71 


70.0 

No 

iGld convulsions 

(117) 

400 

3.42 

3/34 

8.8 

Yes 

iGld convulsions 

2. (CiHOjXCHCH.OH 

435 

3 4 

i 1/14 

1 7.2 

Yes 

AGld convulsions 

(131) 1 

CH, 

3. (C,H5).N(CH,),CH-- 

435 

3.4 

i 5/25 

1 20.0 

Yes 

iGId convulsions 

OH (131) 

4. (C,Hs),N(CH,),CH5- 

494 


1 

11/15 

j 

73.0 

No 


OH (141) 

5. (CH,)5NCH,CH,0H 

300 

j 3.4 

3.4 

9/10 

90 0 

j 

No 

j 

(59) 

6 C,H,NHCH,CH:OH 

300 

3.9 

7/10 


No 


(59) 

7. C,H,XHCH.CH..OH 

39S 

3 4 

5/20 

25 0 

Yes 

One animal died 

(117) 

8. (C.H,),NCH,CH,OH 

225 

1.5 

8/24 

33 0 

Yes 

Two animals died 

(145) 

^CH,CH,OH 

9. 

'^CHjCHjOH 

(133) 

453 

3.4 

8/20 

40.0 

Yes 



The compounds v\cre injected intraperitoneally as hydrochlorides 30 minutes prior to 
intramuscular injections of procaine hydrochloride 


Ingnc (Kd. 3) is less so. The next homologuc diethylaminohutanol (Ko. 4) was 
no longer protective. 

Substitution of both ethjd groups by methyl (No. 5) lead to a complete loss of 
efiecliveness. The monocthylaminoethanol (No. G) was liketsisc inactive, 
^^^'''over, the monobutyl derivative (No. 7), an isomer of DEAE, proved defi- 
nitely protective. This compound produced some toxic effects in the animals 
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as evidenced by some depression and one died after the procaine was adminis- 
tered. Propylaminoethanol (No. 8) produced marked excitement and frequently 
death if 3.4 mM/kg. were injected. Such S 3 miptoms were absent or mild with 
1.5 mM/kg. and this dose reduced the procaine convulsions to 33%. However, 
a definite depression was noticed in this group and two animals died. Of interest 
is the presence of a moderate protective effect ndth compound No. 9 containing 
two ethanol and one ethyl group on the tertiary N atom. 

In order to determine the duration of the protective effect, two groups of 15 
guinea pigs each were given 400 or 600 mg./kg. PABA respectively one hour be- 
fore the adminstration of 100 mg./kg. procaine HCl. Under these circumstances, 
PABA was no longer effective since 80% of the first and 67% of the second group 
had convulsions. The occurrence of 40% convulsions in the identical experi- 
ments wth 400 mg./kg. DEAE indicated that a diminished but significant 
degree of protection was still present one hour after the injection of the drug. 

Since it became evident from the above reported e.xperiments that either of 
the two mother substances of procaine alone would effectively prevent the 
convulsions caused by this local anesthetic, it remained to be investigated what 
effect would follow the simultaneous administration of PABA and DEAE. 
Vincent and Detrie (14) had found that the salt of PABA and DEAE is several 
times less toxic than the ester, namely procaine. Our preliminary experiments 
revealed that in several instances guinea pigs died if a mixture of the two drugs 
consisting of 200 mg./kg. PABA as the sodium salt and 172 mg./kg. DEAE 
as the hydrochloride, was injected. Death was due to general depression and 
delayed for several hours; no convulsions were noted. Further experiments 
indicated the increase of the toxicity of such mixture with prolonged standing, 
while freshly prepared combinations were sometimes tolerated without symptoms 
or fatalities. If the two compounds were injected simultaneously but sepa- 
rately, no toxic symptoms followed. 

For the first series of experiments, we injected the guinea pigs with 4 mM of 
PABA plus 4 mM of DEAE for each mM of procaine. This relation represents 
equivalents of four hydrolyzed molecules of procaine for one intact molecule. 
Since we had found that 100 mg.Ag- or 0.364 mM of procaine hydrochloride 
produced convulsions in 83% of the animals, the guinea pigs were injected in- 
jected intraperitoneally with 1.46 mM/kg, of each of the split products, amounting 
to 200 mg./kg. PABA and 172 mg./kg. DEAE. This was followed 30 minutes 
later by procaine given intramuscularly. Only 1 of 25 guinea pigs or 4% showed 
mild convulsions. Encouraged by this marked protection we reduced the doses 
of the PABA and DEAE to one-half, so that the split products of two molecules 
were used for each whole molecule of procaine. Under these conditions 8 of 25, or 
32%, of the animals developed mild commlsions, indicating the presence of a 
considerable protective action by this procedure. 

We have shown earlier in this paper that a rise of the dose of procaine hydro- 
chloride by 25 mg. to 125 mg./kg. produced convulsions in all guinea pigs so 
treated. If this injection was preceded by the intraperitoneal administration of 
the equivalent of 4 molecules of each of the split products, namel} " 
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PABA and 215 mg./kg. DEAE, for each molecule of procaine, only 4 of 10 ani- 
mals developed convulsions. 

The effectiveness of simultaneous administration of the protective agents with 
procaine was also tried. The procaine in such a mixture is considerably more 
dilute than the 6% concentration in which it was used in previous experiments. 
Since it is known that the toxicity of such local anesthetics is often decreased by 
lowering the concentration (15), 2 series of experiments were carried out. The 
first consisted of 10 guinea pigs which were injected intramuscularly with a mix- 
ture consisting of 130 mg./kg. procaine hydrochloride as a 6% solution with 200 
mg./kg. PABA and 127 mg.Ag- DEAE, as 10% solutions. Six of these animals 
had convulsions. The second group of ten guinea pigs received the same dose of 
procaine hydrochloride diluted ivith saline to correspond in volume to that used 
in the first group. This resulted in 100% convulsions. We can conclude from 
these observations that simultaneous intramuscular administration of the in- 
hibitor produced some protection but less so than by injection 80 minutes prior 
to the local anesthetics. 

The following experiments were intended to investigate if compounds found 
effective in preventing the central convulsive action of local anesthetics would 
exert an antagonistic effect upon the typical local anesthetic action upon 
peripheral nerves. 

a) Neive muscle preparations of frogs were arranged in the usual manner and 
stimulated with submaximal single break shocks or short bursts of tetanizing 
currents. Parts of about 1 cm. length of the nerve were exposed to neutral solu- 
tions of 3 to 4% PABA or a mixture of 1 .5 to 2.0% of both PABA and DEAE for 
about 10 minutes. Such preparations which showed no or little effect of these 
solutions were then exposed to identical solutions containing 1% procaine h 3 ’dro- 
chloride. Tj'pical depression due to the local anesthetic occurred in all instances 
and in about the same time and to the same degree as with 1% procaine hydro- 
chloride alone. 

b) Intradermal wheals were placed in the back of guinea pigs using a 4% 
neutralized solution of either PABA or DEAE: after a few minutes had elapsed, 
a 1% solution of procaine hj’drochloride was injected into these wheals. In 
other experiments, a mixture of the local anesthetic with either PABA or DEAE 
was used. In none of these tests did a noticeable reduction of the local anes- 
thetic action occur. 

Thus we were unable to demonstrate in these tests the presence of a peripheral 
antagonism of the tj’pical local anesthetic effect of procaine by compounds found 
to interfere with their convulsive action. 

Since PABA and DEAE had shown protective action against the convulsive 
effect of procaine, the questions arose if this anticonimlsive property was specific 
and to what degree. To exclude the possibilitj' of a general anticonvulsive action 
of these two compounds, 400 mg./kg. PAB.A were injected intrapcritonealli’ in 
guinea pigs, followed 30 minutes later by 75 mg./kg. metrazol intramuscularl.v, a 
dose which produced 85% convulsions in untreated animals. Tj-pical metrazol 
conwilsions occurred also in all guinea pigs injected with P.VB.A prior to the met- 
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razol. Similar experiments in mice gave identical results. Like PABA, the 
administration of 400 mg./kg. DEAE failed to prevent the appearance of metra- 
zol convulsions. 

Diothane (piperidinopropanedioldiphenylurethane) is a local anesthetic chemi- 
cally unrelated to procaine. It caused moderate convulsions followed by marked 
depression m 7 of 10 guinea pigs (70%) when given intramuscularly in a dose of 
150 mg./kg. = 0.29 mM/kg. In order to preserve the same molar relationships 
between PABA and Diothane as in the corresponding e.xperiments vith procaine, 
2.3 mM/kg. or 320 mg./kg. PABA were used for pretreatment; however, 8 of 10 
or 80% of the guinea pigs developed convulsions after the injection with Dio- 
thane. Increase of the PABA to 420 mg./kg. = 3.1 mM/kg. protected none of 6 
animals so treated against convulsions. 

These results support the view that PABA and DEAE are not general anti- 
convulsants and do not antagonize commlsions due to local anesthetics having a 
structure entirely different from procaine. 

Discussion. In a pre limin a ry’- report (see footnote on page 44) describing a few 
of these experiments, the tentative conclusion was drawn that the inhibiting 
effect of PABA and DEAE upon procaine commisions can be best explained by 
the mechanism known as competitive inhibition. 

There is apparently at least one alternative theory if one makes the unsup- 
ported assumption that the occurrence of commlsions is produced b 3 " the destruc- 
tion of the procaine molecule. Since this is presumablj' a hydrolytic process 
catalyzed by a procaine esterase which has recentlj' been studied in detail by 
ICisch (16) one could assume that — at least in vitro — the presence of the end- 
product of the hydrolj'sis, namely, PABA and/or DE.AE, w’ould tend to arrest 
further hydrolysis according to the law' of mass action. There are numerous 
objections against this explanation. 'No evidence is available proving that in 
vitro conditions, under which such an action might occur, are duplicated in vivo. 
Furthermore, if such mechanism would be present, maximal inhibition should 
occur by simultaneous administration of a mixture of procaine with its split 
products. It w'ill be remembered that this was not the case but optimal protec- 
tion follow'ed the preidous injection of the split products. In other experiments, 
no increase in the commlsive action of procaine in guinea pigs was noted by ad- 
ministration of eserine which, according to Kisch (17), inhibits procaine esterase. 

The lack of an unspecific anticonvulsive effect of PABA or DEAE has been 
demonstrated in the above described experiments with metrazol and Diothane. 

Thus, the assumption of the presence of a competitive inhibition due to struc- 
tural similarity of the convulsive agent and the inhibitor seems most plausible 
from the experimental evidence. 

The results shown in table 1 indicate the relation between chemical structure 
and the degree of competitive inhibition. The importance of the para-configura- 
tion is shown by the complete absence of a protective action with orthoamino- 
benzoic acid. In accord with this is the moderate activity of para-hydroxy- 
benzoic acid while again the con-eponding ortho-form (salicjiic acid) is inactive. 
This latter compound is noticeabty more to.xic than the para form. Unfortu- 
natelj', none of the meta analogues were available. Benzoic acid proved to be 
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the most eflScient protector, except for PABA. It thus appears that any deviation 
from PABA itself weakens the protective action and that the change to an ortho 
configuration reduces this activity to a greater degree than removal of the NHj 
radical or its substitution b 5 ’’ an OH group in para positions. Walker and Derow 
(18) recentlj' reported an analogous condition in the field of rnicrobiologj', namely, 
the failure of ortho and meta aminobenzoic acid to show the well-known antago- 
nism of PABA against the bacteriostatic effect of sulfonamides. 

A close relation between the protective efficacy and chemical constitution is also 
evident with the aminoalcohols. DEAE itself could be expected to exert the 
greatest effect, but the increase by one CHi (No. 2) did not climinish the effective- 
ness when compared ivith DEAE itself, as long as the length of the straight chain 
of the alcoholic group remains unchanged. The isomeric compound (No. 3) 
with a straight chain is less active and no protective action is exerted by the next 
higher homologue (No. 4). No. 5 and 6 were inactive while No. 7, a secondary 
amine and isomeric to DEAE itself, had some activity. The substitutions of 
both ethyl groups in DEAE by propyl (No. 8) resulted in a marked increase of 
toxicity, which necessitated a considerable reduction of the dose, but a significant 
protective effect followed the administration of 1.5 mM/kg. However, here, 
as vith No. 7, a definite depression u'as seen in the animals after the injection of 
procaine, suggesting a summation of the depressing action of both drugs. The 
reason for the activity of No. 8, ethyldiethanolamine is evident from its struc- 
tural similarity to DEAE since three chains, one of them ethyl and two ethanols, 
are bound to the N atom, thus proinding one more alcoholic group than in DEAE 
itself, but having the same number of carbon atoms arranged identically around 
the nitrogen as in DEAE. A consideration of the structures of these compounds 
reveals that in general, the presence of three chains consisting of at least two car- 
bons on the nitrogen are necessary for actmty but one butyl group instead of two 
ethyl groups ■ndll still preserve some activit 3 '. Thus, it is not necessary that the 
structure of a primary amine be presented. All compounds had at least one 
primarj' alcohol group. An attempt to use triethylamine (as the hj’drochloride) 
had to be abandoned on account of the marked depression and fatalities that 
followed the administration of doses equimolar to those of the aminoalcohols. 

-Antagonistic actions between drugs of similar structure, aside from the well- 
known example of PABA and the sulfonamides in the metabolism of bacteria, 
have been quoted by Clark (19); among those of interest are the antagonistic 
effect of higher members of the series BN (CHj)! against the muscarine action of 
lower members, also the observation that ephedrine antagonizes certain effects of 
epinephrine. Ing (20) assumes that ephedrine attaches itself to the same re- 
ceptors as epinephrine without exerting an action. -According to this conception, 
graded respomes result from the number of receptors occupied. 

It is probable that a similar competitive antagonism is the modu.s operaudi in 
those experiments. Tin's is app.arentlj- the first report where a well-defined 
pharmacologic effect of a dnig (ester) in an intact anim.al can be inhibited bj' the 
Iircvious administration of cither of its split products (alcohol or acid) or mixtures 
of the two which are themselves pharmacologiralh’ inert in the doses u.=cd. 

I he mechanisms .and biochcmistiy of comailsions in general is still obscure and 
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little is known with regard to the particular convulsive effect of procaine. These 
limitations should be kept in mind in considering the schematic attempt to pic- 
ture the mechanism of effects reported in this paper as shown in figure 1. 

The "receptor” is pictured as the place in the CNS to which the drugs attach 
themselves. It is open to further in'V’estigation if this receptor is the cell surface, 
an eniyme, or a substrate. In this scheme, certain configurations are allotted to 
procaine and to its components. It is evident that the occupation by either the 
PABA or DEAE of one part of the receptor will prevent the attachment of a 
whole molecule of subsequently injected procaine. This conception takes into 
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consideration the observation that the injection of the mixture of PABA and 
DEAE not only fails to produce convulsions but exerts an even greater protective 
effect. The typical commlsive effect is elicited only by the whole procaine mole- 
cule, which possesses the ester linkage and attaches itself to the corresponding 
surface of the receptor. Obviously many other variations of the scheme can be 
devised or other assumptions made, as, for instance, a change in the physical 
chemical property (lipoid solubility) by the presence of the ester group which 
may result in intracellular penetration of the procaine itself or by other substances 
provided the cell surface is not already occupied by inert compounds, more spe- 
cifically PABA or DEAE. 

Accordingly, one could allot to the various derivatives of either PABA or DEAE 
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schematic configuration more or less similar to these two “specific” substances 
which would account for the graded effectiveness as protecting agents. Our re- 
sults show that if the protective agents were injected before or simultaneously 
with the procaine, a greater number of moles of the procaine split products must 
•be present than of procaine itself in order to prevent convulsions. This suggests 
that the receptors have a greater affinity to the whole molecule and it must be 
admitted that we do not know what forces constitute this property nor the laws 
that govern them. It is particularly in this aspect, where principal questions of 
this receptor theory arise. 

Preliminary attempts to repeat such experiments in mice, golden hamsters or 
dogs w'ere unsuccessful and have met with only slight success in rabbits. The 
failure in the first two species can be explained on the basis of their relatively 
great resistance to procaine, which necessitates the administration of e.xtremely 
large doses of the inhibitors beyond the limit of their tolerances. The dog is not 
very tolerant to DEAE, which in toxic doses produces convulsions. PABA alone 
was not protective in the amounts in which it could be used. We can only specu- 
late that the degree of “affinity” between the receptor and procaine or its split 
products is different in various species of animals, but numerous examples exist 
for qualitative or quantitative differences in action or antagonism of drugs in 
various species. 

Aside from these considerations, we must take into account the difference in 
speed with which procaine is destroyed bj' various species. We have observed in 
our experiments in guinea pigs that the duration of the protective effect of PABA 
and DEAE is limited and it becomes to a certain degree a race between the rates 
of excretion of the protective agents and the destruction of procaine. This be- 
came evident in numerous animals where the pre-treatment delayed the onset of 
the convulsions but did not prevent their eventual occurrence. 

Under the conditions of our experiments, no impairment of the peripheral local 
anesthetic effect of procaine by PABA or DEAE could be demonstrated. The 
reasons for this may rest in a quantitative difference rather than in a qualitative 
one unless one chooses to assume the presence of essentially dissimilar properties 
in the metabolism or excitability between the cell body and the dendrite. The 
presence of numerous synaptic connections in the CXS permits the speculation 
that the effects which we are discussing take place on these locations. If this is 
so, one must consider an effect upon the acetylcholine-esterase equilibrium which 
is concerned with synaptic transmission. Valasquez and co-workers (21) re- 
cently confirmed tlie potentiating effect of procaine upon acetylcholine by inhibi- 
tion of the esterase and made the interesting observation that DEVE, but not 
PAB.V, exerts a similar effect. 

Many of the ch.aHcnging questions which arise from these observations remain 
unanswered at the prc=cnt time and must be left to future investigation. 

.SC.MMVRY 

It has been siiown that the incidence of convulsion^; which follow intramuscular 
injertion of proeaine in guinea pigs ran be substantially reduced by jtrcccding ad- 
ministration of citlicr of the split products of procaine; namely, para-aminoben- 
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zoic acid (PABA) or diethyl-aminoethanol (DEAE). A mixture of the two 
components is even more effective in this respect. 

Certain derivatives of both PABA and DEAE possess qualitative similar ac- 
tion, the degree of which is dependent on their structural relations to the mother 
compounds. It has been shown that this protective action is specifically directed . 
against comuilsions produced by procaine and that no inhibition of peripheral 
local anesthetic action of procaine occurs. 

Evidence has been presented to explain the phenomena observed in these 
experiments on the basis of competitive inhibition. 
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Alpha-naphthylthiourea (ANTU) has recently been recommended (1) as a 
rodenticide for the extermination of Norway rats. The compound appears to be 
quite suitable for this purpose because it is very toxic to N orway rats and is much 
less toxic to dogs, cats, monkeys, and several other species. 

In addition to its practical value as a rodenticide, ANTU is a useful compound 
for the study of some of the pharmacological problems which are common to 
other drugs and toxic substances. Species differences in susceptibility to the 
agent, the development of tolerance after administration of sub-lethal doses, and 
the higher resistance of young animals toward ANTU are marked characteristics 
associated ivith the toxicity of this thiourea derivative. 

Richter (1) has studied the pathological changes resulting from the adminis- 
tration of lethal doses of ANTU to several species, and has found that intense 
pleural effusion and puhnonarj’’ edema were the most prominent and consistent 
pathological changes. ANTU is a useful compound for studying the mechanism 
underlying increased capillary permeability because of its pronounced action on 
the lung tissue together with the ease Mth which the compound can be adminis- 
tered and the dosage regulated. 

No studies on the chemical changes in the blood and tissues from animals after 
acute ANTU-poisoning had been carried out prior to the recent preliminary 
investigation in this laboratory (2) in which it was found that ANTU produces 
hyperglycemia, a depletion of liver glycogen, and an inability to deposit liver 
glycogen in rats receiving a lethal dose of the compound. 

The present communication contains the results of more extensive studies on 
the blood and tissue changes in dogs and rats after acute ANTU-poisoning. 

The mode of action of this compound is of interest because of the possible wide 
Use of ANTU as a rodenticide. Furthermore, findings with this compound may 
be of value in explaining the acute toxicity of some of the other thiourea deriva- 
tives which have rcccntlj' attracted considerable attention because of their effects 
on the thyroid gland (3). 

In these studies particular attention was directed to the changes in blood glu- 
cose at intervals after administration of various doses of ANTU. The results of 

^ ‘ This v.otk wna carried out under contract with the Medical Di\’ision of the Chemical 
Warfare Sorvico. 
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zoic acid (PABA) or diethjd-aminoethanol (DEAE). A mbcture of the two 
components is even more effective in this respect. 

Certain derivatives of both PABA and DEAE possess qualitative similar ac- 
tion, the degree of w'hich is dependent on their structural relations to the mother 
compounds. It has been shown that this protective action is specifically directed . 
against conmilsions produced by procaine and that no inhibition of peripheral 
local anesthetic action of procaine occurs. 

Evidence has been presented to explain the phenomena observed in these 
experiments on the basis of competitive inhibition. 
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TABLE 1 

Changes in plasma and blood constituents of dogs after poisoning by ANTU 

Dag 1 

75 mgm./kgm. ANTU 
Sunaval time — 20 hours 


OETEJUa^AnON 

Houss Arn:)s ANTU 

0 

j 4 

7 

n 


06 

145 

146 

150 


6.2 

6.7 

8.0 

7.4 


4.7 

6.3 

6.2 

6.5 


45.0 

59.0 

60.0 

65.0 





Dog S 

100 mgm./kgm. ANTU 
Survival time — 8 hours 



nouns Anxs ANTU 

0 1 

i 0.3 

1 

2.S 1 

4.0 

Glucoso (mgm. %) 

100 1 

143 

330 

360 ' 

283 

Pentose (mgra. %) 

7.5 i 

9.2 

17.0 

20 



5.0 

5.3 

6.7 

5.5 


Hematocrit (%) 

40 

58 

65 

69 




Dog 3 

100 mgm./kgm. ANTU 
Survival time — 6 hours 


1 

T ZTtVONATlOft 

j HOuns atteh. ANTU 

0 

1 0.6 

j 7 

j 3.S 

5.5 

Glucose (mgm. %) 

100 

190 

143 

133 

100 

Pentose (mgm. %) 

4 

6 

5 

5 

5 

Inorganic P (mgm. %) 

4.5 

4.5 

4.5 

4.7 

5.5 

Hematocrit (%) 

40 

45 

46 

48 

50 


Dog 4 

180 mgm./kgm. ANTU 
Survival time— S hours 


DETERJftKATTOK 

nouns Ams ^VNTU 

0 

2 

6 

& 

Glucose (mgm. 9c) 

92 

i 290 

50 

so 

Pentose (mgm. %) 

5 

19 

S 

10 

Inorganic P (mgm. %) ! 

4.5 

4.6 

5.4 

15 5 

Hematocrit 

41 

48 

57 

70 
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these experiments indicate that ANTU produces a severe disturbance in carbo- 
hydrate metabolism in dogs and rats. Similar changes had not been observed 
previously in acute poisoning from this compound or from any of the other thi- 
ourea derivatives. 

Methods. Adult dogs and adult Sprague-Dawley albino rats were tised in these studies. 
All of the animals were maintained on Purina Chow diet. ANTU was dissolved in propyl- 
ene glycol with the aid of gentle heat. Five per cent solutions of ANTU in propylene gly- 
col were injected intraperitoneally into dogs and solutions containing 5 mgm. of ANTU per 
cc. were administered by the same route to rats. The amounts of propylene glycol em- 
ployed produced no toxic effects by themselves and caused no changes in the blood constit- 
uents which were studied. 

Blood samples were taken by cardiac puncture from ether-anesthetized rats and by vene- 
puncture from dogs. Heparin was used as the anti-coagulant. Whole blood from rats and 
plasma from dogs were used for the analyses. 

Blood analyses included the following determinations : glucose, by the method of Folin 
and Malmros (4); calcium, by the method of Clark and Collip (5); magnesium, by the 
method of Briggs (6); protein and non-protein nitrogen, by the micro-Kjeldahl method as 
described by Koch (7) ; pentose, by the method of Mejbaum (8) ; and lactic acid, by the 
method of Barker and Sununerson (9). Inorganic phosphorus was determined by the 
method of Fiske and Subbarrow (10) and acid-extractible organic phosphorus on I'.IO tri- 
chloracetic acid filtrates by the same method. 

For glycogen determinations the animals were killed by decapitation, and the tissues 
were quickly removed and placed on dry ice. This procedure was completed within one 
minute to prevent glycogenolysis. Glycogen was determined by the method of Good 
et al. (U). 

Experimental. Toxicity of ANTU to dogs and rats. The toxicity of ANTU 
to rats has been extensively studied by Richter (1) who found that the LD50 for 
laboratory rats was close to 4.0 mgm./kgin. when aqueous or oil suspensions of 
the drug were injected intraperitoneally. This investigator found, however, 
that there was considerable strain difference in toxicity of ANTU to rats which 
makes it desirable to determine the toxicity to every strain employed. 

Our finding that ANTU is soluble in propylene glycol made it possible to em- 
ploy solutions of the agent for injection. The approximate LD50 of ANTU for 
adult Sprague-Dawley rats was S.O mgm./kgm. when propylene glycol solutions 
were injected intraperitoneallj'. 

Among the common laboratorj' animals dogs are second to rats in suscepti- 
bility to ANTU (1). The toxicity of propylene glycol solutions of ANTU for 
our adult dogs was determined prior to mechanism studies. Toxicity studies on 
18 adult dogs gave an approximate LD50 value of 50 mgm./kgm. for this species. 

Blood changes in dogs poisoned by ANTU. The effects of lethal doses of AlNTU 
on the plasma constituents of dogs were determined by taking blood samples at 
inten’als between the time of administration of ANTU and the- time of death of 
the animals. These determinations w'ere made in an effort to obtain information 
on the type of metabolic disturbance produced by this toxic agent. The results 
of these analyses are summarized in table 1. Hematocrit values, the intra- 
peritoneal dose of ANTU, and the sunixml time for each animal are also given. 

The chemical analyses of plasma samples from ANTU-poisoned dogs indicated 
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None of the dogs receiving doses of ANTU of 60 mgm./kgm. or less than that 
amount showed increases in plasma glucose comparable to those obtained with 
10 mgm./kgm. in rats. Dog no. 7 receiving two times the LD50 dose (100 mgm./ 
kgm.) showed an increase in plasma glucose similar to that seen in rats with 10 
mgm./kgm. The blood glucose of two of the animals (dogs no. 14 and no. 15) 
remained below 90 mgm. % throughout the sampling period and these two ani- 
mals survived. Thus, higher quantities of ANTU are necessary for dogs than 

TABLE 2 


Relationship between amount o/ ANTU, hyperglycemia, and survival time of dogs 



AKTU 

SU»\!\A1-T1KE 


nAsuA ctucosr (kgm %) 



0 hours 

0 5 hours 

1 hour 

3 hours 

7 

msm./ksm. 

100 

6 

61 

193 

193 



60 

20 

61 

87 

105 


11 

60 

22 

74 


t 97 


12 

60 

23 

60 

95 

1 97 


8 

SO 

14 

70 

97 

105 

130 

9 

SO 

16 

65 

90 

120 


14 

SO 

Survived 

60 


77 

76 

13 

40 

30 

83 

100 


118 

15 

40 

Survived 

86 

86 

86 

60 


TABLE 3 


Blood glucose, phosphorus, and pentose of ANTU -poisoned rats 


SAT NO 

BEFORE ANTU 

2 S HOURS AFTER ANTU (10 MCM /SCU ) 


Glucose 

Phosphorus 

Pentose 

Glucose 

Phosphorus 

Pentode 


(mjm Tc) 

(«um Vo) 

(min %) 

{mtm, ^c) 

j (mgm. %) 

j imm. y„) 

I 

1 73 

7.5 

mSsM 

146 

10.5 

1 14.7 

O 

66 

6.5 


160 

11.0 

20.7 

3 

70 

7.5 

■IB 

219 

7.0 

19.0 

4 

68 

5.0 

16.4 ] 

176 

8.0 

16.8 

5 

67 

5.7 

14.6 

176 

11.0 

14.0 

6 

66 

6 7 

17.0 


9 4 

21.8 

Avg. 

GS 

0.5 

16 3 

j 173 

9 2 

17.8 


for rats to produce hyperglycemia, and it appears that these changes are not 
evident nhen sub-lethal doses are given. 

Blood changes in ANTU-poisoned rats. To compare the blood changes pro- 
duced in rats with those ob'.erved in ANTU-poisoned dogs, glucose, pentose, and 
inorganic pliosphorus were determined on blood samples taken before and after 
injection of 10 mgm./kgm. of ANTU. The results of these determinations arc 
given in table 3. 

riicrc was a large increase in blood glucose of rats in 2.5 ho\irs after adminis- 
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that this compound produces a marked interference with carbohydrate metabo- 
lism. In every case there was a rise in blood glucose occurring soon after the in- 
jection of ANTU. In dog no. 1, which received 75 mgm./kgm. of ANTU, the 
rise in glucose was smaller but more persistent than that observed in the other 
animals, and this animal survi%'’ed the longest. Pronounced hypergb'cemia, 
occurring udthin an hour after injection of ANTU, was seen in dogs no. 2 and 
no. 3 which received 100 mgm./kgm. of ANTU. Dog no. 4, which received 150 
mgm./kgm. of ANTU, showed hyperglycemia followed by hypoglycemia in 6 
hours after injection of the drug. 

The rapid onset of h 3 ’perglycemia was somewhat surprising in %dew of the low 
solubility of ANTU in aqueous and oil solutions together with the fact that it is a 
relatively slow acting poison with death rarely occurring within 6 hours after 
administration of lethal doses. 

All of the animals show'ed a rise in plasma pentose which was greatest and oc- 
curred earliest in dog no. 4. In dog no. 2 an increase of 12.5 mgm.% was ob- 
served while in dogs no.l and no. 3 a much smaller increase in pentose occurred. 
There was some increase in inorganic phosphorus in all of the samples from 
poisoned animals. Howwer, both the changes in inorganic phosphorus and pen- 
tose occurred after the changes in blood glucose. All of the animals showed 
hemoconcentration, the increase from 41 to 70% in dog no. 4 being the largest 
increase observed in these experiments. 

In addition to the determinations listed in table 1 other analyses were carried 
out on the same plasma samples. However, none of these other plasma con- 
stituents showed any marked variation from normal in any of the animals 
throughout the sampling period. Thus, plasma calcium values remained be- 
tween 11 and 14 mgm. %, and there w'as no significant change in magnesium from 
the average normal value of 1.80 mgm. %. Plasma chloride did not debate 
significantly from the normal of 382 mgm. %, nor did plasma protein from the 
average normal value of 5.6 grams % for these animals. There was an increase 
in non-protein nitrogen at 8 hours after ANTU in dog no. 1 from a normal of 29 
mgm. % to 51 mgm. %. However, there was no significant rise in the non- 
protein nitrogen of plasma in any of the other animals. 

Plasma lactic acid wns determined on two other dogs (dogs no. 5 and no. 6) 
after administration of 75 mgm./kgm. of ANTU intraperitoneally. In dog no, 5 
the lactic acid rose from 6.2 to 11.0 mgm. % then fell to 8.4 mgm. % in 7.5 hours. 
Dog. no. 6 showed an increase from 1,6 mgm. % to 8.3 mgm. % in 1.5 hours and 
this value fell to 6.4 mgm. % in 7.5 hours after ANTU. 

Relationship between amount of ANTU and glucose changes in dogs. Previous 
studies in this laboratory (2) have shown that 10 mgm./kgm. of ANTU will cause 
pronounced hj’perglycemia in 2.5 hours in rats. It w'as of interest to compare 
the dose necessarj' to produce hyperglycemia in the dog with that necessary to 
produce a similar change in rats, which are considerably less resistant to this 
compound. The extent of the glucose changes in dogs recehing lethal and sub- 
lethal doses of ANTU as well as the suiwii'al time after various doses of ANTU 
was determined. The results of these experiments are shown in table 2. 
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None of the dogs receiving doses of ANTU of 60 mgm./kgm. or less than that 
amount showed increases in plasma glucose comparable to those obtained with 
10 mgm./kgm. in rats. Dog no. 7 receiving two times the LD50 dose (100 mgm./ 
kgm.) showed an increase in plasma glucose similar to that seen in rats nith 10 
mgm./kgm. The blood glucose of two of the animals (dogs no. 14 and no. 15) 
remained below 90 mgm. % throughout the sampling period and these two ani- 
mals survived. Thus, higher quantities of ANTU are necessary for dogs than 

TABLE 2 


Relalionship helween amounl oj ANTU, hyperglycemia, and survival time of dogs 


DOO I'O. 

ANTU 

SURVIVAL TIME. 


PLASSLV CLUCOSr (ucv %) 


0 hours 

0 5 hours 

i hour 

1 3 hours 

7 

mgm /hgm, 

100 

6 

i 61 

193 

193 

285 


60 

20 

61 

87 

105 

115 

11 i 

60 

22 

74 


97 

133 

12 ' 

60 

23 

60 

95 

97 

107 

8 

50 

14 j 

70 

97 

105 ; 

130 

g 

50 

16 i 

65 

90 

120 


w 

50 

Survived 

60 


77 

76 

13 

-50 

30 

83 

100 


118 

15 

40 

Survived 

86 

86 

1 86 

60 


TABLE 3 

Blood glucose, phosphorus, and pentose of ANTU -poisoned rats 


RAT KO 

utrow: AKTU 

2 5 HOURS ATTEJL AKTU (10 MCM /KCU ) 


Glucose 1 

Phosphorus 

Pentose 

Glucose 

Phosphorus 

j Pentose 



(mcm %) 

(mgm. %) 

(mgm. %) 

(mlm. %) 

(mjm. tt) 

1 


7,5 


146 

10.5 

14.7 

2 


6.5 


160 

11.0 

20.7 

3 

70 1 

7.6 


219 

7.0 

19.0 

4 

68 

5.0 

16.4 

176 

8.0 

16.8 

5 

67 

5.7 

14.6 

176 

11.0 

14.0 

6 

66 

6 7 


160 

9.4 

21.8 

Avg. 

68 

6.5 

16.3 

173 

9.2 

17.8 


for rats to produce hyperglycemia, and it appears that these changes are not 
evident uhen sub-lethal doses arc given. 

Blood changes in ANTU-poisoned rals. To compare the blood changes pro- 
duced in rats with those observed in ANTU-poisoned dogs, glucose, pentose, and 
inorganic phosphorus were determined on blood samples taken before and after 
injection of 10 mgm./kgm. of ANTU. The results of these determinations are 
given in table 3. 

1 licre uns a large increase in blood glucose of rats in 2.5 hours after adminis- 
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tration of 10 mgm./kgm. of ANTU. The rise was comparable to that obtained 
in dogs (table 1) with much larger doses. There was an increase in inorganic 
phosphorus in all except rat no. 4, and some increase in pentose in 4 of the ani- 
mals. The results in^cate that the same carbohydrate changes take place in 
ANTU-poisoned rats and dogs, but the dose required to produce these changes is 
less in rats, to which the compound is considerably more toxic. The amount of 
ANTU required to produce similar blood changes bears a close relationship to the 
LD50 in the two species. 

Effect of ANTU on ike glycogen of rat tissues. The hypogb’cemia which some- 
times followed hyperglycemia in dogs after administration of large doses ol 
ANTU suggested the possibility that liver glycogen was being depleted. This 
possibility was tested in rats receiving 10 mgm./kgm. of ANTU intraperitoneally. 
Glycogen determinations were also made on skeletal muscle and cardiac muscle 
from normal and poisoned animals. The normal animals were fasted for 12 hours 
before death and the ANTU-poisoned animals were fasted 6 hours before ANTU 


TABLE 4 

The effect of ANTU on the glycogen content of rat tissues 


UAT NO. 

CONTtOL 

XAT NO. 

.^NTtr-701S0NEO 
(10 WCU./XCU.) 

Heart \ 

1 

Skeletal 

muscle 

Liver 

^ Heart 

Skeletal 

muscle 

Liver 


■HUl 

% 

% 


C%) 

(%) 

(%) 

1 


0.18 

3.5 

5 

0.23 

0,07 


2 


0.40 

2.3 

6 

0.26 


■19 

'3 

0.21 

0.20 

2.1 

7 

0.29 

0.18 

0 

4 

0.24 

0,23 

2.5 

8 

0.13 

0.07 

0 





9 

0.16 

0.15 

0 

Avg 

0.27 

0.25 

2.5 


0.21 

0.11 

0.05 


and for 6 hours after ANTU and were then sacrificed for glycogen determinations. 
The results of these determinations are given in table 4. 

Liver glycogen showed the greatest decrease from 2.5% in the normal animals 
to 0.05% in the poisoned group. This depletion of liver glycogen probably 
accounts for the hypoglycemia which was sometimes observed (table 1) w'hen 
large doses of the toxic agent were given. There was also some decrease' in skele- 
tal muscle glycogen, but there was no significant lowering of the glycogen of 
cardiac muscle. 

Effect of insulin on ANTU-poisoning in dogs. Attempts were made to prevent 
the rise in glucose by administration of insulin to ANTU-poisoned dogs. One 
dog (dog no. 16) received 2 units/kgm. of insulin subcutaneously and 100 mgm./ 
kgm. of ANTU intraperitoneally at the same time. In 1 hour the blood glucose 
increased from 90 to 200 mgm. % but in 3 hours it fell to 106 mgm. %. The other 
animal (dog no. 17) received 2 units of insulin/kgm. and in 3 hours when the 
blood glucose had fallen to 50 mgm. % then 100 mgm./kgm. of ANTU W'as given 
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intraperitoneally. In one hour after the administration of ANTU the blood 
glucose had risen to 88 mgm. % and in 4 hours to 144 mgm. %. Insulin was 
effective in postponing the onset of hyperglycemia in dog no. 17, but did not 
prevent death. Dog no. 16 survived for 6 hours and dog no. 17 survived for 14 
hours after ANTU. 

Effect of cysteine on. ANTU poisoning. From the chemical structure of ANTU 
it seemed possible that this compound might react with sulfhydryl groups of 
tissue constituents. We had previously found (2) that 1000 mgm./kgm. of 
cysteine given intraperitoneally 5 minutes after ANTU would prevent death 
from an LDIOO dose. In this connection, it was of interest to determine how 
soon the cysteine must be given in order to exert its protective effect. Therefore, 
rats were given 7 mgm./kgm. of ANTU (an LDlOO dose for these animals) and 
then were given 1000 mgm./kgm. of cysteine at various intervals after ANTU. 
For injection cysteine hydrochloride was dissolved in distilled water and neu- 
tralized with sodium hydroxide. The solution contained 100 mgm. C 3 'steine/cc. 
The results of this experiment are given in table 5. 


TABLE 5 

Effect oj cysteine on the toxicity of ANTU to rats 
7 TOEin /kgm. ANTU; 1000 mgm./kgm. Cysteine; 5 rats/group 


nsoup 

TniE Of «StE.lNC 
AfTER A\TU 

% 

WORTALITI 

CROtrp 

TIME or CVSTEllfe 
ATOR ANTU 

% 

MORTAUTY 


hours 



hours 


I 

control 

100 

6 

3 

0 

2 

0.1 

0 

7 

4 

0 

3 

0 5 

0 

S 

6 

20 

A 

1 

0 

9 

7 

100 

5 

2 

0 





Cysteine was effective when given within 5 hours after ANTU but would not 
protect the animals if given 7 hours after injection of the toxic compound. It 
is interesting that lung damage begins to appear about 5 hours after administra- 
tion of lethal doses of ANTU to rats, and it appears that cysteine was ineffective 
in reversing this effect. The same amount of cysteine was ineffective against 
lethal doses of ANTU in dogs. However, the lethal dose of ANTU for dogs is 
much higher than that for rats and it seems probable that much higher doses of 
cysteine would be nocessarj' to counteract the effects in this species. Such a high 
dose of cysteine might be toxic in itself and thus limit the usefulness of this sub- 
stance in counteracting ANTU poisoning. 

Effect of adrenal cortical extract on ANTU poisoning. In connection with the 
c.arbohydr.atc changes obsen-cd in these c.xpcriments it was of interest to test the 
effect of adrenal cortical extract on the toxicity of ANTU to dogs. One dog 
(dog no. 18) was given 1 cc. of Lipo-Adrenal Cortex (Upjohn) intramuscularly 
1.5 hours before .VNTU (100 mgm./kgm.), 1 cc. at 0.5 hours after ANTU and 3 
subsequent doses of 1 cc. each at interxmls of 2 hours. The plasma glucose in- 
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creased to IGOmgm. % but returned to normal in 2 hours after injection of ANTU. 
The animal survived for 23 hours. 

Another dog (dog no. 19) received 2 cc. of Lipo-Adrenal Extract during the 2 
hours immediately preceding injection of 100 mgm./ kgm. of ANTU and then re- 
ceived 1 cc. of the extract intramuscularly at tivo-hour intervals for 8 hours. 
The blood glucose increased from 100 mgm. % to 216 mgm. % in 1 hour after 
ANTU and then fell to 66 mgm. % in 5 hours. This animal survived for 16 hours. 

Miiile there was some increase in the survival time and the hypergtyceihia was 
of shorter duration than in untreated animals, adrenal cortical extract did not 
prevent the lethal action nor the sjmiptoms produced by 100 mgm ./kgm. of 
ANTU in dogs. 

Discussion. The change in the blood glucose after intraperitoneal injection 
of ANTU in both dogs and rats was the most marked and consistent metabolic 
change observed in ANTU-poisoned animals. The extent of hyperglycemia in- 
creased with the dose administered, and there vv-as a correlation between the spe- 
cies susceptibility to the toxic substance and the amount of ANTU required to 
produce changes in blood glucose. In our experience with dogs it has been pos- 
sible to predict whether the animals will survive bj" following the plasma glucose 
values after the administration of ANTU. In animals which surviv^e the glucose 
did not rise appreciably throughout the sampling period. 

The appearance of hyperglycemia soon after the administration of this toxic 
substance indicates that at least part of the injected dose rapidly enters thd cir- 
culation in spite of the low solubility of this compound in aqueous and oil 
solutions. 

Less significance is attached to the rise in inorganic phosphorus which alw’ays’ 
occurred later than the rise in glucose in ANTU-poisoned animals and may be 
secondary to the changes in glucose. The rise in pentose was not a consistent 
finding in all of the poisoned animals. 

The increase in hematocrit is attributed to the loss of plasma resulting from the 
increased permeability of the blood vessels of the lungs. 

The fall in blood glucose sometimes to sub-normal lev^els can be explained by 
the depletion of liver glycogen. The blood glucose changes and the depletion of 
liver glycogen could be attributed to an inhibition of glycolysis and/or respira- 
tion by ANTU. The rise in glucose would, thus, result from the inability of 
poisoned tissues to utilize glucose. An alternate explanation inv'olves the 
possibilitj’’ of increased glycogenolysis in ANTU-poisoning. At the present time 
this possibility seems the more likely, especially since insulin was partiallj' effec- 
tive in prev^enting the lyperglj’cemia. However, the exact mechanism by which 
these changes are produced remains to be inv^estigated. In this connection, the 
possible role of adrenalin in producing these changes seems worthy of 
inv’estigation. 

The effectiveness of cysteine in preventing death from lethal doses of ANTU 
in rats indicates that ANTU can react with sulfhydrjd groups. That cysteine is 
effective if given as long as 4 hours after ANTU does not necessarily imply that 
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this antidote has reversed a reaction between ANTU and some cellular constit- 
uent because the low solubility of ANTU makes it possible that several hours 
may elapse before the total injected dose is absorbed. Thus, cysteine, even when 
given 4 hours after ANTU, might combine directly mth ANTU and in that way 
effectively decrease the amount of ANTU capable of combining wth tissue 
constituents. 

The results of these experiments demonstrate metabolic changes produced by 
ANTU which had not previously been described for this compound or for any of 
the other thiourea derivatives. Since the pathology resulting from the acute 
toxicity of thiourea and mono-substituted derivatives of thiourea is very similar 
(12, 13, 14) it seems likely that metabolic changes similar to those described here 
for 4NTU will be found to result from acute poisoning by other thiourea deriva- 
tives. 


SUMMARY 

1 . Determination of the toxicity of alpha-naphthylthiourea ( ANTIJ) for rats 
and dogs gave an LD50 of 5.0 mgm./kgm. for rats and 50 mgm./kgm. for dogs by 
intraperitoneal injection. 

2. Lethal doses of ANTU produced a rise in plasma glucose, phosphorus, and 
pentose in dogs and rats, and the dose required to produce the changes varied 
noth the susceptibility of the species to ANTU. 

3. There was an increase in hematocrit and in blood lactic acid of ANTU- 
poisoned dogs. 

4. No change in plasma calcium, magnesium, nitrogen, chloride, and acid- 
soluble organic phosphorus was obsen'ed in ANTU-poisoned dogs. 

5. Liver glycogen of rats fell from the average normal value of 2.5% to 0.05% 
in G hours after administration of 10 mgm./kgm. of ANTU. There was some 
decrease in skeletal muscle glycogen but no change in glycogen of heart muscle. 

6. Insulin was partially effective in decreasing the extent and duration of 
hyperglycemia. Adrenal cortical extract showed some beneficial effect in ANTU- 
poisoned dogs. 

7. Cysteine (1000 mgm.) prevented death of rats receiving an LD 100 dose 
of ANTU (7 mgm./kgm.), if the cysteine was given within 5 hours after ANTU. 

Achnowlcdijemmla: The authors arc indebted to Prof. E. M. K. Ceiling, De- 
partment of Pharmacologj’, University of Chicago, for valuable suggestions dur- 
ing the course of this investigation, and to Mr. Alexander May of this laboratoiy 
for assistance with some of the chemical analyses. The Upjohn Company 
supplied the Adrenal Cortical Extract and Dr. C. P. Richter supplied the ANTU. 
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In spite of numerous attempts to find new analgesic compounds superior to 
morphine or other opium alkaloids, little progress was made until 1939 when 
Eisleb and Schaumann (1, 2) reported the action of dolantin (demerol), a sub- 
stance producing both morphine-like and atropine-like effects. Following the 
Allied victory of World War II, knowledge of additional related compounds, 
prepared by German chemists, became available through a team headed by Dr. 
Ervin C. Kleiderer, Technical Industrial Intelligence Committee under the 
Foreign Economic Administration, U, S. Department of State. A report by the 
Committee has been published by the IJ. S. Department of Commerce (3). Of 
the many compounds disclosed, l,l-diphenyl-l-(dlmethylaminoiEopropyl)- 
butanone'2 appeared to be outstanding. This compound bears the German 
serial number 10820. Since details of pharmacological work were not available 
in the above-mentioned report, we undertook an investigation of the actions of 
10820. The follouing is an account of our studies. Drs. E. Rohrmann and T. P. 
Carney, of our organic chemical department, prepared the compound. 

For our experimental work, the hydrochloride salt of 10820 was employed. It 
is a white crystalline compound, soluble in water and alcohol, but insoluble in 
ether. It has a bitter taste and melts at 236-236.5'’C. The structural formula 
as given by the Germans is as follows: 

O 

1 ! 

C— C.H6 

/ 

'■ CH, 

\ t 

CH-— CH— N(CH,): 

For brevity, the product will be referred to below as a butanone derivative or by 
its original German number 10820. 

1. Action on the nekvous system. Analgesic action. Albino rats were 
injected intrapcritoncally with various amounts of 10820. Tests for analgesia 
were made by the tail-pinching technique of Haffner (4). The threshold dose 
for analgesia uas found to be 1 mg. per kg., lasting 1 to 2 hours; whereas 10 mg. 
of demerol per kg. of body weight was the smallest dose to produce analgesia in 
the same animals. 

More dctailerl studies were made in 7 trained unanesthetized dogs. The p.ain 

'Rend nl the Atlantic City mcetins ot the .\mcricnn Society for PharmacoloKj- and E\- 
rcrimcntal Therapeutics on March 12, ISMC (It). 
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threshold was determined by the Wol£f-Hardy method (5). The shaved skin of 
the back served as the area of exposure to the light beam, the end-point being a 
skin-twitch, as suggested by Andrews and Workman (6). Considerable training 
of these animals was necessary to obtain a constant basal threshold and to pre- 
vent conditioned responses. The smallest dose of 10820 which produced a defi- 
nite rise in the pain threshold was found to be 1 mg. per kg. Figure 1 shows a 
comparison of the analgesie effects of this compound and morphine. A dose of 
5 mg. of 10820 per kg. of body weight resulted in marked analgesia. Larger 
doses caused even greater effects, raising the threshold to a point where the skin 



71ME IN NOUNS 

Fig. 1, Comparison of the Analgesic Effects of 10S20 and Morphine Sulfate in Un- 
anesthetized Dogs 

Pain thresholds were measured by the Wolff-Hardy method. Each curve is the average 
for 7 dogs. Administration was intraperitoncal. 

was severely burned. Weight for weight, 10820 appeared to be somewhat stronger 
than morphine sulfate. 

Other effects of this substance on the nervous system of dogs closely resembled 
those of morphine. During the peak of analgesia, marked sedation was present. 
In addition, there was salivation and ataxia. IWien walking, the dogs usuallj’’ 
assumed a hyenoid posture. Unlike morphine, 10820 never caused vomiting. 
Effects noted on the autonomic nerves will be discussed later. 

Analgesic action in 3 male adults was tested, also utilizing the Wolff-Hardy 
apparatus. The forehead blackened wth grease paint was the area of exposure. 
Following thorough training, the threshold without medication remained prac- 
tically constant. Orally, 5 mg. of 10820 caused definite analgesia. In all 3 
subjects, this dose was compared with 150 rag. of demerol, also taken by mouth. 



KE'W ANAI/3CS1C 


65 


figure 2 shows the results in 1 subject, similar effects occurring in the other 2 
individuals. It is obvious that on a weight basis 10820 is several times more 
analgetic than demerol. 

Certain side-effects may be noted follon ing ingestion of the drug. In 12 sub- 
jects given 5 mg. (total), a lightheaded feeling (not true vertigo) was noted by 50 
per cent of the individuals. This dose may cause mild sedation also. One per- 
son developed slight nausea and sweating about 1 hour after taking the drug. 
Side-effects occurred in only 20 per cent of the persons who received 2.5 mg. 
orally. These sjmiptoms rvere similar to those resulting from 150 mg. of demerol. 
In addition, the latter drug caused drjmess of the mouth, an effect not present 
with 10820. The pulse rate usually dropped 5 to 10 per minute, and the blood 
pressure fell a few millimeters of Hg, an action which was probably due to 
sedation. No change occurred in respiratorj' rate at this dose level. 

^ /so MG DEMCROL 



Ftc 2 .tSALorsic .\ction of 10320 i.n v IUmvv .Vd< lt Male 

Pam was produced by tUerm.d radial ion of a blackened spot on tbe forehead Compar- 
ison lias made with demerol, both compounds being taken b> mouth. 

2. Mori'iiinu-like action in mice, rats, and cat-- Mice injected intra- 
peiitoncally AAith 10820 bhoAAcd a typical Straub reaction of the tail \A-hich could 
not be distinguished from that seen folloAAing morphine administration. Eisleb 
and Sduutmann (1) noted the same phenomenon Avith ilcmciol. 

Hats characteristically dcA-elopcd marked postural rigidity, accompanied by 
coma, as n result of injections of this compound. Tbe degree of both effects in- 
eieased with the siw of the dose FolloAAing laige do-cs, tlie lat- appealed to be 
iihnost dead. Ucspiiatoiy depression became so maiked that considerable 
cyanosis dcveloiied. Tlic animals lAould remain in this state for 2 to -1 liours 
befoic onset of lecoveiy. Sinulai lesiilts ocruiied with demeiol and morphine. 

I he nervous exeitation of eats typically spou following inoiphinc also resulted 
ftom UN20 Tills consisted of nervousness, wild, puiposclc's tunning, saliva- 
tion plus respiratory stimulation, and cotuiil'ivc tuitclies. These findings 
oiTiii red a few minutes after subcutaneous injection. In about 1 to 1 J hours the 
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animals became depressed, but crawled around in a swimming manner uith all 4 
extremities extended and abducted. One cat given 10 mg. of the compound per 
kg. of body weight remained in this depressed state and odd posture for 2 days 
before it recovered. Morphine appeared to produce greater stimulation (mania) 
than 10820, and lacked the peculiar depressive effect of the latter. 

3. Effects on circul.^tion and RESPiR.moN. {A) Anesthetized dogs. 
Under barbiturate anesthesia, blood pressure, respiration, and kidney volume 
were recorded by the usual techniques. In addition, the volume of expired air 
was quantitatively measured (7). A typical record is shown in figure 3. Intra- 
venous injection of 10820 in the dose of 2 mg. per kg. produced temporary apnea 
followed by marked respiratory depression. This dose usually caused a decrease 
of about 50 per cent in the volume of expired air. Respiratorj' depression lasted 



Fig. 3. Action of 10S20 on Circul.\tion .<nd RBsriHATio.v 


A dog, weighing 15 kg., was anesthetized with sodium phenobarbital. From above down, 
the recordings are kidney volume, respiratory tambour, carotid blood pressure, 0 mm. 
Hg, expired air in 500 cc. volumes, and 1-minute intervals. At ADR, 1 cc. of 1:10,000 
epinephrine hydrochloride was injected intravenously. Dose of 10S20 was 2 mg per kg. 
intravenously, resulting in marked cardiac slowing. 

1 to 2 hours, and longer with larger doses. Results were quite similar to those 
that occurred uith morphine. Demerol, on the other hand, caused only slight 
changes in respiration. 

A temporary moderate fall of blood pressure and a decrease of kidney volume 
followed intravenous injection of the drug. This suggested a decreased cardiac 
output. Most striking, however, was a marked bradycardia which persisted 
many minutes. The cardiac slowing appeared to be mainly due to excitation of 
the vagus nerves, since it was abolished b.v atropine. Furthermore, after section 
of the vagi, 10820 caused only' slight decrease of heart rate. Unlike demerol, the 
substance did not antagonize the action of acetylcholine. Thus, it appeared that 
10820, like morphine, has parasympathomimetic properties. Alorphine and 
demerol produced much more marked and prolonged depression of the blood 
pre.ssure than this butanone derivative. 
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(B) Unancsthctizcd dogs. Experiments were performed with 7 dogs trained 
to lie quietlj' on a table while pulse and respiratorj' rates were counted or electro- 
cardiograms recorded. Their initial average pulse rate was 76 per minute, and 
after intraperitoneal injection of 10820, 5 mg. per kg., it dropped to 43 per minute. 
The mean respiratoiy rate before the drug was 20 per minute, and, at the height 
of action, it was 14 per minute. In a similar test with morphine sulfate, 5 mg. 
per kg. caused the pulse rate to fall from 61 to 42 per minute and depressed respi- 
rations from 19 to 16 per minute. The maximal action on pulse or respiratory 
rate occurred anytime from 1 to 7 hours after administration of either substance, 
and the depressive effects lasted man5' hours. It appears that the 2 drugs caused 
almost identical changes in pulse and respiratory rates. 

Electrocardiograms were taken because of the possibility that A-Y block or 
some other abnormality might have produced the slow heart rate. However, 
aside from veiy occasional premature systoles, electrocardiograms showed only 
sinus bradycardia with prolongation of the whole PQRST complex. This effect 
resulted from hyperactivity of the vagus nerves, since injection of atropine sulfate 
was followed promptlj' by tachycardia. A similar action uith morphine sulfate 
was reported by van Egmond (8). 

4. Salivadv .sEcnETioN. In ane.sthetized dogs salivary secretion was recorded 
by cannulation of IVharton’s duct, the cannula being connected to a drop re- 
corder. Salivary flow was stimulated by pilocarpine. A slight decrease in the 
drop rate could be demonstrated by intravenous injection of 10820 in the dose of 
2 mg. per kg. Atropine and demerol promptly caused complete cessation of 
salivarj’ flow. 

Trained unanesthetized dogs showed an entirety different salivarj' response to 
thi.s compound. A dose of 2 mg. per kg. intraperitoneally produced salivation 
within a few minutes which often lasted several hours. Salivation could be 
quickly inhibited by atropine, so the stimulation appeared to be parasympathetic 
in origin. 

5. .\c'nox ON IXTESTINES. Ylicn tested on the isolated small intestines of 
rabbits, I0S20 showed an antispasmodic action. The intestinal segments were 
suspended in lAjckc-Ringor’s solution by the usual method of recording, and 
stimulated to contract by mecholyl. The activity of the butanone compound 
was about etjual to that of dcmcrol, but only 1/200 as great as that of atropine 
sulfate. 

lurthcr studies were made on trained unanesthetized dogs- having an ex- 
teriorized .skin-covered intestinal loop (“suit-case handle") as reported by Wakim 
anti Mason (9). 'I ho reaction of the animal to the dnig depended somewhat on 
the level of small intestine from which the record was taken. A dose of 5 mg. 
(total) intravenously produced stimulation of motility of the ileum of 15 to 45 
minutes' duration. Typical records are seen in figure 4. Thereafter, intc.stinal 
movements appeared to be deprcs-swl. In the duodenum and jejunum, the period 
of stimulation from 10820 was shorter, the inhibiting effect of the compound 

= Tiic«e <1|)RS nen- iin'inn><l l>y Dr. K. O. Wakim. Indiana I'niversil.v Medical School, 
ItloominKton, Indiana. 
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being more prominent. In practically everj' trial, defecation occurred at some 
time, once or several times. These reactions were similar to those obtained with 
morphine. They probably were the result of parasympathetic stimulation, as in 
the heart and salivary glands. Of interest was the fact that during the analgesic 
tests in dogs, gurgling sounds were frequently heard several hours after admin- 
istration of either morphine or the butanone compound. 

6. Toleran’ce studies in dogs. Intraperitoneal injections of 10820 were 
made dailj' for 28 consecutive days into the 7 trained dogs mentioned above. 
The dose was 1 mg. per kg. for the first week and 2 mg. per kg. thereafter. After 
a rest period of 1 week, the same procedure was repeated with 5 mg. per kg. of 
morphine sulfate, except that the duration was only 22 daj-s. At weekly intervals, 
analgesic action was measured by the Wolff-Hardy method. In addition, ob- 
servations were made of side-reactions. As shown in figure 5, no tolerance de- 
veloped to the analgesic effect of 10820. Whereas the dogs became definitely 









Fig. 4. Action on Small, Intestines of 2 Unanesthetized Dogs 
Records are of motility of skin-covered loops of intestine, the upper record indicating the 
movements of the lower ileum, and the lower tracing, those of the upper ileum. The pre- 
liminary motility was the normal response to feeding. Dose of 10S20 was a mg. total intra- 
venously. Time intervals were 10 seconds. 


more tolerant to morphine, their susceptibility to the butanone derivative ap- 
peared to increase. This change was progressive from week to week and did not 
vary in direction. Recently, Goetzl, Burrill, and Ivj’ (10) found that their dogs 
became tolerant to the analgesic action of morphine but tolerance was not lasting, 
tending to disappear and reappear. Wc did not encounter this phenomenon, 
although our study was of shorter duration than theirs. Concerning side-reac- 
tions, a similarity existed between the two drugs. At the end of the experimental 
periods, the animals showed distinctly less sedation, ataxia, and salivation. In 
the case of morphine, no tolerance occurred to its emetic action. Tomiting never 
resulted from administration of 10820. Loss of appetite as indicated by a pro- 
gressive decrease of body weight resulted with both compounds. 

7. Toxicitv. (.4) Acute toxiciltf in mice. The median lethal dose ± stand- 
ard error of 10820 was determined by intravenous administration into mice. 
Calculations were made by the method of Bliss (11). Simultaneously, a determi- 
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nation was made of the toxicitj' of demerol. For 10820 and demerol, the LDm 
was 20.56 ± 1.35 and 49.67 ± 1.35, mg. per kg., respectively. Thus, the former 
was only about 2.4 times as toxic as demerol, although the butanone compound 
was several times as potent analgetically. 

(B) Chronic feeding experiments in rats. Itoung rats weighing around 100 
grams were fed diets containing 10820 or demerol in various percentages (12). 
Six groups of 5 rats each, were tested on each compound. The dose ranged from 
0.01 to 0.5 per cent of the food for the newer substance, while udth demerol the 
range was from 0.02 to 1.0 per cent. The test lasted 28 days, at the end of which 
time all surrdving rats were sacrificed for necropsy. 


loeso, iM PER KG 

o — /sr DAY 

a — H ST DAY 


MORPHINE sulfate, SMS PER KG 

O 1ST DAY 

b. — UNO DAY 



■piG. 5. Toxa:rm,ce Stcoies is Tr.uned Dogs 
Intraperitoneal injections of 10S20 were made daily for 2S consecutive days. The dose 
was 1 mg. per kg. the first week and 2 mg. per kg. thereafter. The procedure was repeated 
vrith morphine sulfate, 5 mg. per kg , for 22 days. Each curve is the average for 7 dogs. 
Note the tolerance to morphine, while the dogs apparently became more susceptible to the 
analgesic action of 10820. 


Weight gain appeared to be depressed someu hat by all concentrations of 10820 
and demerol. However, there was no difference in the degree of depression pro- 
duced by the former in concentrations of 0.2 per cent or under, while with 0.5 
per cent, growth was distinctly less, .\mounts of demerol up to 0.5 per cent were 
tolerated equally, while 1.0 per cent caused a more marked inhibition of weight 
gain. There were no deaths except in the groups which received the 2 highest 
doses of each drug. The 0.2 and 0.5 per cent diets of 10820 killed 1 and 2 rats, 
respectively. Death occurred in 1 and 4 rats receiving, respectively, 0.5 and 1.0 
per cent concentrations of demerol. As with the LDso, the butanone derivative 
was approximately 2.5 times as toxic as demerol. 

Necropsy findings appeared to be non-specific . Many of the rats were entirely 
normal. With both compounds, slight hiTertrophy of the thyroid gland was 
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observed. Interstitial pneumonia was rather common, but was more frequent in 
animals fed the smaller amounts. On the 0.5 per cent dose of 10820, 2 animals 
showed myocardial necrosis and 1 rat had fatty metamorphosis of the liver. The 
same changes were seen in 1 rat on the 0.2 per cent diet of this substance. Both 
the cardiac and liver changes, however, were focal and minimal. 

(C) Effect on red and white Mood cells. During the tolerance test of 10820 on 
the 7 trained dogs, red and white blood cell counts and hemoglobin determina- 
tions were made on the 14th day. Results were entirely negative. On the 28th 
day, white cell counts were still normal, and since hemoglobin values were un- 
changed, red cell counts were not done. 

At the end of the chronic feeding experiments, red and white cell counts and 
hemoglobin values were ascertained in all rats surviving the 2 highest doses of 
10820. Here again no change from the normal was found. This was true also 
of the rats fed the 2 highest doses of demerol. It appears that repeated adminis- 
tration of this butanone compound is without effect on the hematopoietic system. 

8. Excretion in m.an. By modification of the method of Lehman and Aitken 
(13), excretion studies were made with 10820 in the urine of 3 normal adult males. 
The analytical procedure was adapted to the Beckman photoelectric spectro- 
photometer, the readings being taken at 625 n /i. Because the dose of the drug 
was so much smaller than that of demerol, vacuum distillation of urine samples 
to produce a 10-fold concentration was usually necessarj'. On an oral dose of 5 
to 7.5 mg., about 20 to 35 per cent was excreted over a period of 24 hours. Leh- 
man and Aitken found about 5 to 20 per cent of an ingested dose of demerol in 
the 24-hour urine specimens. The fate of the unexcreted 10820 was not 
ascertained. 

9. Clinical results. Dr. K. G. Kohlstaedt, of the Lilly Laboratories for 
Clinical Research, has kindly allowed us to include a preliminary report of his 
trials at the Indianapolis City Hospital. A total of 30 patients received the 
compound for pain of various etiology. In most instances, the dose was 5 mg. 
orally every 3 or 4 hours, although doses of 2.5 mg. were used also. Pain was 
effectively relieved in 80 per cent of all cases. The group was tco small to make 
conclusions, but some of the results were of particular interest. In all 5 patients 
■with malignant tumors, pain was alleviated. Postoperative pain was adequateb^ 
controlled in 8 of 11 indimduals. In 2 cases of gangrene, no relief occuived. 
Analgesic action was noted also in myalgia, dysmenorrhea, headache, and tooth- 
ache. 

Nausea was the most frequent side-action. It occurred in 9 patients at some 
time during the course of medication. In 4 cases, vomiting was associated with 
nausea. Headache and dr 3 mess of the mouth were noted 4 and 2 times, respec- 
tively. One patient had a lightheaded feeling and pallor. No severe side-ac- 
tions ■were encountered. In some instances, patients preferred to continue medi- 
cation in spite of untoward effects. 


summary 

A study was made of the actions of l,l-diphenjd-l-(dimethylammoisopropj’l)- 
butanone-2. In rats, dogs, and man, it possesses marked analgesic action, being 
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at least equal to morphine and several times more potent than demerol. In 
many respects this substance is closely similar to morphine. However, qualita- 
tive differences between the effects of morphine and this butanone derivative 
have been noted. Apparently, there is little or no tolerance development to the 
analgesic action of 10820 in dogs. Side-reactions in human beings do not appear 
to be excessive. Clinical results so far substantiate the laboratory data. 
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Many types of chemical substances produce a paral 2 ying effect on smooth 
muscle, either directly, through the ner\mus mechanism, or both. In the search 
for more efficient spasmolytics, Kulz and Rosemmund (1) introduced di-Cy- 
phenylpropyl)-ethylamine (Sestrone). 


CHj— CHo— CHi— N— CHj- 


CiHs 

Sestrone 


Lee and Freudenberg (2) discussed the literature dealing ndth the spasmolj"- 
ticaily active di-(phenylalkyl)-alkylamines. In considering further development 
along these lines, they synthesized lobelan. 



Lobelan 


and other di-2,6-(phenylaklyl)-piperidines and also derivatives of di-2,4- 
(phenylalkyl)-piperidine and 2-phenylalkyl'4-alkj’lpiperidine. The most effi- 
cient spasmolytic of the series was found to be compound Ih, 


He 



Compound Ih 


* Present address ; Dep.artmont of Pharmacology, St. Louis L'niveraitj- School of Medi- 
cine. 
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Lobelan is the parent base of the lobeline series of alkaloids from Lobelia 
Loflata. It has apparently not been hitherto pharmacologically e>Lammed but 
lobeline 


Hs 



and other closely related compounds such as lobelanin and lobelanidin have 
been extensively examined particularly for respiratory stimulating activity 
(3). Camp (4) in a rather cursory study obserr^ed that lobeline (alpha lobeline) 
had a relaxing action followed by contraction on dog intestine in situ. This is 
apparently the only observation in the literature concerning a possible spasmoly- 
tic action of the lobeline series. Our findings that lobelan and its derivatives 
possess potent spasmolytic action together mth Camp’s observations suggest 
that the entire lobeline series may have spasmolytic action. The structure of 
papaverine, a highly potent spasmolytic agent, if written differently than in the 
usual manner is seen to bear a resemblance to the lobelan series, viz: 


CHjO 




'V-CH=CH— N— C— CH:— / V-OCH, 


CHsO 


OCH, 


Papaverine 


Because of the structural similarity of the lobelan series to lobeline respiratory 
stimulating action would be expected by the former and this anticipated action 
is realized. This paper is a report of some of the pharmacological effects of the 
compounds prepared and reported by Lee and Freudenberg.* 

Toxidly. The LD50 was determined in mice by subcutaneous and intra- 
venous injection of the hydrochlorides of the bases. The data are given in tables 
1 and 2. Because of low solubility of the hydrochloride the ethane sulfonate 
salt of compound Ih was used in later work. The subcutaneous LD50 of this 
salt is 450 mg./kg. (N = 140) and the intravenous LD50 17.3 mg./kg. (N = 75). 
By the subcutaneous route it is much less toxic than the hydrochloride, the LD50 
of the latter being 250 mg./kg. (N=60). The difference in molecular weights 
(478 and 403 respectively) does not account for the lower toxicitj'. 

The subcutaneous LD50 in the rat was 975 mg./kg. (N = 100) and 17.5 
mg./kg. (N = 22) in the rabbit. The intravenous LD50 on the rabbit was 5 

' Compounds have been labeled to correspond to the designations used by Lee and Frcud- 
enberg. 
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mg./kg. (N = 14) and the oral LD50 112 mg,/kg. (N = 14). These doses are 
all for the ethane sulfonate of Ih. 

Papaverine -HCl was also tested in rats and rabbits. The rat subcutaneous 
LD50 was 620 mg./kg. (N = 92). The rabbit intravenous LD50 was approxi- 
mately 25 mg./kg. fN = 2). Additional mouse tests yielded somewhat higher 


TABLE 1 
H, 




* N = 25 to 60. 
tN = 5 to 17. 
t = Lobclan. 

§ = Concentration producing moderate relaxation of guinea pig intestine stimulated 
with acetylcholine chloride 2.7 X lO"*. 

11 = 5 mg./kg. morphine and 2 mg./kg. of drug, both intravenously. 


figures than ^ven in the table, namely 440 mg./kg. (N = 80) by the subcutaneous 
route and 28./kg. (N = 20) by the intravenous route. 

Adion cm svwotk muscle. Spasmolytic tests "were conducted on isolated tissues 
suspended in aerated Tyrode solution at 37°C. With guinea pig intestine 
antagonism to acetylcholine chloride is shown by the results averaged in tables 
1 and 2. The most active compounds were Ig, Ih, and li, whose concentrations 
were, respectively, 33, 27, and 27 X 10~*;thatofpapaverine'HCLwasl70 X 10“’. 
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Using guinea pig uterus stimulated w-ith 1 X 10“^ barium chloride, compounds 
la, Id, HTd and IVd were effective in concentrations of 133, 133, 133, and 667 X 
10“®, respectively, and papaverine -HCl at 1000 X 10”*. However, in a later 
experiment compound Ih-HCl and papaverine -HCl, each at a concentration of 
400 X 10”*, were effective against BaCli 1.3 X 10~*. 

Since compound Ih seemed to be the most efficient, additional tests were made 
with the ethmesulfonate salt. In table 3 are given the concentrations of this 


TABLE 2 


ft 


R. 


"\1 
h/Nh, 


I H 


R, 


COUPOtTKDS (HCl SALTS EUPLOYED) 

LDSO IN MICE 

SPASUOLYTtC 

ACnOK^ 

XESFISA 
TOXY 
ACTIONS 
TER CENT 
JKCXEAKE 
WMINtTTE 
votimE 

No. 

Ri 

Ri 

Ri 

Subcu- 
1 taseous 

lotra- 

venous 

Cone. 





ms./tt.' 

mg./ 

HA 



IVb 

CH, 

H 

1 

CHj.CHr-/ ^ 

100 

14 

233 X 10-» 

95 

IVe 

C,H. 

1 

H 

CH,.CHr-<^ ^ 

125 

22 

53 X 10“* 

160 

IVo 

C,H. 

OCH, 

CH,.CHr-<^ OCH, 

>300 

32 

133 X 10-' 


IVa 

C2H5 

H 

H 

65 

5 

267 X 10-* 


IVd 

CH, 

CH, 

H 

125 

18 

267 X 10-» 

161 


* N = 10 to 42, e.xcept IVc, where N = 3. 
t N = 9 to 20. 

§ and II see footnotes table 1. 


compound, papaverine and atropine effective against acetylcholine, barium and 
histamine. Ti’^pical results are shown in figures 1 to 4. 

Using the method of Sollraann and von Oettingen (5) on isolated perfused 
guinea pig lungs, compound Ih (hydrochloride) offered some antagonism against 
the bronchoconstrictor effect of simulataneouslj' administered histamine. It was 
at least 20 times less effective than epinephrine. Results were not quantitative, 
but approximately the effect of a dose of 0.02 mg. of histamine dihydrochloride 
was inhibited by 0.01 mg. of epinephrine or 0.2 mg. of compound Ih. In the 
unstimulated lungs, compound Ih (0.5 mg.) caused a moderate increase in the 
rate of perfusion. 
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Respiratory-siimiilaling aclmly. The effect of respiratory stimulation was 
studied in rabbits depressed with 5 mg./kg. of morphine sulfate administered 
intravenously. The compounds were also injected intravenously at a dose of 

TABLE 3 


ConcenlTaiions of spasmolytic agents producing a moderate rate of relaxation 
of guinea pig intestine 


STIMULANT 

C0SCENT«AT10N 

Ih ETHANE 
SUirONATE 

PAPA\XRINE 

HYDROCHLORIDE 

ATROPINE 

SULFATE 

Acetylcholine chloride 



500 X 10-“ 

1 X 10-“ 

Histamine dihydrochloride 

20 X 10-“ 


400 X 10-« 

200 X 10-« 

Barium chloride 

2 X 10-‘ 


400 X 10-“ 

1500 X 10-“ 


TABLE 4 

Per cent increase in minute tolume of respired air in rabbits which had received B mg./tg. of 
morphine snffole inlrni'enousiy 


SUBSTANCE 

INTRAMUSCULAR DOSE ! 

i 

AVERAGE* % INCREASE IN 

MIN VOL FOR 2 HOURS 


mg /hg 


Lobeline 

10 

23 3 

Metrazol 

25 

19.4 

Ih (ethane sulfonate) 

10 

19.2 

Saline 

1 cc. 

-3.7 


' N = 5 for each drug. 


A 

B 

:c f,g 1 1 


PopO''- 

lop^ 

Q 


1 : 

1 V 

s 


•J 

i V. 

v 


/O 

/O.Hg 

0 ' e 6 

• > • 1 - {| 

0 / 5 6 

4 \ \ V -v- 

^ ' e A ~i 1 


Fig 1. Bahium Stimulated Guinea Pig Intestine 
Bath. Tyrodc Solution, 50 cc 
\ Control Loner line tunc in minutes 

2- ^25 PaP»'crine liydrocblonde 
O. 250 7 Ih ethane sulfonate 
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Fig. 2. Histamine Stimulated Guinea Pig Intestine 

A. Control 

B. 20 y Ih ethane sulfonate 

C. 150 7 papaverine HCl 



Fig. 3. Acetylcholine Stimulated Guinea Pig Intestine 
A. 30 7 Ih ethane sulfonate 
3.17 atropine sulfate 



Fig. 4. Acetylcholine Stimulated Guinea Pig Intestine 

A. Control 

B. 20 7 Ih ethane sulfonate 

C. Control 

D. 200 7 papaverine HCl 
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2 mg./kg. and the volume of respired air measured by means of a spirometer and 
recorded on a kymograph. The minute volume was calculated from the tracings. 
Tables 1 and 2 pve the per cent increase in minute volume in single animals. 

Additional work was done with compound Ih (ethanesulfonate salt) using 
mtramuscular injections. The morphine was given intravenously as before. 
The increase in minute volume rose gradually and then tapered off over a period 
of two hours. Figures were calculated representing the average per cent increase 
in minute volume of respired air over the two hour period. Five rabbits were 
used rvith each drug, and the average values given in table 4. The averages do 
not reflect the observation that metrazol and lobeline gave greater initial stimula- 
tion but that compound Ih gave a more uniform stimulation throughout the two 
hour period. 

Antagonism to allylisopropt/l barbituric add (alurate). Rats in groups of 20 
were injected subcutaneously with 40 mg./kg. of the sodium salt of allyUsopropyl 
barbituric acid. Thirty minutes later compound Ih, lobeline, or benzedrine was 
administered. The doses were respectively, 5 and 10, 5, and 0.5 and 1.0 mg./kg. 
The Bleeping times were significantly shortened in all cases e.vcept with one 0.5 
mg./kg. dose of benzedrine. E.vcept for this one case the differences in awakening 
action were small. 

Life saving action was studied on mice. 200 mg./kg. of the sodium salt pro- 
duced an 80% mortality. This dose was administered to mice in groups of 5 or 
10 animals. At intervals of i, 2, and 6 hours, doses of compound Ih were given 
in doses of 25, 50, and 100 mg./kg. subcutaneously. In no case was the mortality 
significantly altered. 

Ctrcidation. All of the compounds caused a fall in blood pressure. With 
1 mg doses in ether-anesthetized cats, the fall was usually 15 to 20 mm. Hg. 
However, compound la caused a fall of 30 mm. Hg and its isomer compoimd 
IVb a fall of 55 mm. of Hg. Recovery was rapid and second doses 15 to 20 min- 
utes later caused similar effects. 

The effect on the heart rate was slight; there was either slowing or no change. 
This variability was most apparent vith compound Ih, and in two experiments 
the slowing was marked rather than slight. It was abolished by atropine. 

Symptomatology. Rabbits. As intravenous doses of compound Ih were 
increased progressively to the fatal level there first appeared signs of restlessness, 
excitement and muscular tremors. These symptoms were succeeded by inco- 
ordination and occasional slight spasms. The highest doses usually produced 
convulsions and death occurred either during or following a convulsion. Ani- 
mals surviving com-ulsions were invariably prostrate for an hour or more. The 
respiratorj' rate was always stimulated. With oral doses of the drug the results 
were similar though more variable. 

j'ifice. Subcutaneous injections caused signs of marked central stimulation. 
In addition to commlsive seizures vith high doses, salivation was present. Tail 
erection and exophthalmos generallj' occurred. As with rabbits, prostration 
succeeded the commlsive stage. 

Discussion. The compounds studied bear a structural resemblance to both 
papaverine and lobelinc and the predictions that they would have both spas- 
molytic and analeptic properties are borne out by the data presented. 
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Compound Ih usually caused relaxation wthout loss of rhythmic contractions 
and occasionally the latter were temporarily increased in amplitude. Papaverine 
invariably caused relaxation with a gradual or abrupt diminution of the rhi-thmic 
contractions. 

"Winterstein (6) in a general review of the lobeline alkaloids cited the suggestion 
that lobeline might be of use in bronchial asthma. Compound Ih should possess 
greater antiasthmatic action than lobeline, but it seems unlikely either drug 
would be especially efEcient. 

In regard to the relation between structure and spasmolytic activity, the 
introduction of a methoxy group in the p-phenyl position is most important. 
In the compounds of series I (table 1), it invariably enhances the action. How- 
ever, if one phenethyl radical is in the 4-piperidine position the addition of p- 
methoxy reduces the spasmolytic activity, (cf. compounds lYe and IVc). Shift- 
ing the 6-phenethyl group to the 4-position on the piperidine ring reduces the 
activity except for compound IVe found to be more potent than its analog Id. 
Substitution of methyl for the 4-phenethyl (compound IVd) has no effect on the 
activity, but replacement by hydrogen (compound IVa) greatly reduces the 
activity. 

In general, as structural chances are made, toxicity parallels the spasmolytic 
activity. However, compound Ih possessing about the same spasmolytic acti- 
vity as compounds Ig and li is only one-third as toxic by subcutaneous admini- 
stration as the latter. 

SUMM.ARY 

1. Piperidine compounds of the lobelan type have been studied for spasmolytic 
action, respiratory and analeptic action, blood pressure, and toxicity and were 
shown to possess both peripheral spasmolytic action and central stimulating 
action. The spasmolytic tests were conducted on isolated tissues. 

2. The neurotropic action as studied on acetylcholine-stimulated guinea pig 
intestine was greater than that of papaverine for most of the compounds. The 
most efficient compound, l-methyl-2,6-di-(p-methoxyphenethyl)-piperidine 
(compound Ih), w'as 10 to 14 times as effective as papaverine. 

3. The myotropic action as studied on barium-stimulated guinea pig intestine 
w'as about the same order as that of papaverine. However, against histamine 
contractions, compound Ih was 7 to 10 times more powerful than papaverine. 

4. Analeptic action was noted for the compounds. As a respiratory stimulant 
in morphinized rabbits, compound Ih was much more effective than as an an- 
tagonist against allylisopropyl barbituric acid. 

5. The circulatorj^ effects were relatively slight. 
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The effect of atropine on the secretion of pancreatic juice has been studied 
extensively in acute experiments on anesthetized animals. In general the results 
indicate that in these preparations atropine does not modify the response of the 
pancreas to HCl in the intestine (1) or to intravenous secretin (2). Savich (3) 
found that the secretory response to soap in the intestine was practically abol- 
ished in dogs by large doses of atropine (20-25 mgm. total dose). It is obvious 
that experiments on anesthetized animals can have only a limited significance in 
a situation in which the occurrence of reflexes is in question, as in the present 
instance. 

Smimow (4) studied the effect of atropine on the pancreatic secretion produced 
in response to fat in the intestine in a chronic fistula dog. The volume of juice 
n as unaffected by atropine but the nitrogen content was reduced. 

Bylina (5) studied the effect of atropine on the pancreatic secretion evoked by 
fats, soap or HCl in two chronic fistula dogs. He observed a decrease in total N, 
total solids and enzymatic activity of the juice after administration of atropine, 
regardless of the stimulus. When the stimulus was soap or HCl the volume of 
secretion was also reduced by atropine Babkin and Ishikawa (6), on the other 
hand, found that atropine (5 mgm , total dose) abolished the secretory response 
of the pancreas of a chronic fistula dog to neutral fat or oleic acid in the intestine. 
Soap still caused some secretion after atropine but the volume, and concentration 
of enzymes and total solids n ere reduced. 

Tonkich (7) noted an increase in volume and a decrease in total nitrogen of 
secretion elicited by milk and butter in the intestine after giving atropine. She 
’ attributed the secretory response to some constituent of milk other than fat since 
fats alone were nithout much effect m her animals 
It has been amply demonstrated that atropine in adequate dosage abolishes 
the secretory effect on the pancreas of stimulating the vagus nerves but the mini- 
mal dose required has, apparently, never been determined. Pavlov (8) and also 
Savich (3) used 20 mgm. (total dose) but the size of the dogs was not stated. 
Modrakowski (9) demonstrated paralj'sis of the pancreatic vagus after 0 8 mgm. 
per/kgm of atropine in an acute experiment Smaller doses nere not tried. 
Von Anrep (10) obtained no secretory response to stimulation of the vagus after 
0.30 mgm /kgm. in an acute experiment but he thought the “inhibitory” fibers 
n ere still functioning 

Several investigators (9, 11, 12) have noted a secretagogue action of atropine 
on the pancreas when given in massive doses (10-80 mgm./kgm.). 

The influence of atropine on the secretory response of the pancreas to products 
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of protein digestion in the intestine has not been studied. This problem is of 
special interest because peptone evokes a secretion which closelj' resembles that 
obtained on stimulation of the vagus nerves (13). We undertook this investiga- 
tion primarily for the purpose of studying this problem ; we also took advantage of 
the opportunity to add to the few observations that have been made on the effect 
of atropine on the response of the pancreas to other stimuli in chronic fistula dogs. 

Methods. Thirteen chronic fistula dogs and eleven anesthetized dogs were used in this 
studj'. Each of the chronic dogs had a tubulated fistula of the duodenum placed opposite 
the main pancreatic duct. All had gastric fistulas. Three had modified Thiry loops of the 
duodenum or upper jejunum. The Thirj’ loop was modified by anastamosing the distal end 
to the side of the loop near the proximal end thus providing for circulation of the contents 
of the loop. 

Pancreatic juice was collected either through a small soft-rubber funnel inserted through 
the duodenal fistula tube and held against the mucosa surrounding the papilla (14), or 
through a temporary glass cannula inserted into the duct via the duodenal fistula as sug- 
gested by Scott and his co-workers (IS) and later used by Hart and Thomas (16). Identical 
results .were obtained by the two methods. 

The dogs were fed once daily and were used for e.xperiments before feeding when the 
stomach was empty. A drain tube inserted into the stomach through the gastric fistula 
prevented the passage of fasting gastric secretion into the duodenum. The inner end of the 
drain tube was held in the pyloric antrum by means of a thread passed through the pylorus 
and tied to the duodenal fistula tube. 

Secretion of pancreatic juice was induced by injecting at intervals into the upper intes- 
tine either 20 cc. of a 5 per cent solution of commercial peptone (Bacto-protone), or 10 ec. 
of a 2 per cent solution of soap (Ivory Snow), or 10 cc. of X/10 HCl, or bj' giving secretin 
intravenously. The secretin was prepared in the laboratory and was at least equal in po- 
tency and purity to the commercial secretin ("Pancreotest”) manufactured by Astra 
(Sweden) (17). It contained no vasodilators and no cholecystokinin. 

During an experiment the stimulating substance was administered onee every eleven to 
thirteen minutes and the pancreatic juice collected for ten minutes following each injection. 
The stimulus was administered at such intervals from four to six times and the subsequent 
“ten minute samples” collected during a control period after which the drug was adminis- 
tered and the experiment continued in the same way as long as necessary to establish clearly 
the character of the response. The volume and specific gravity of each sample were re- 
corded. Total nitrogen was determined on some of the samples and on a smaller number 
enzyme determinations were made. Total nitrogen was calculated for other samples on 
the basis of a known linear relation* between specific gravity and total nitrogen of dog’s 
pancreatic juice (18). 

Atropine Sulfate (U.S.P., P.W.R.) was used in our early experiments. It was adminis- 
tered intravenously or intramuscularly in doses ranging from 0.2 to 0.3 mgm. per kilogram 
of body weight. In this dosage atropine causes e.xcitement and the dogs frequently be- 
came unmanageable. We, therefore, changed to hyoscyamine hydrobromide (U.S.P. X, 
Merck) which was given in doses ranging from 0.1 to 0.2 mgm./kgm. No difference could 
be detected in the effects of the two drugs on pancreatic function but hyoscyamine seemed 
to cause less excitement. It was used in most of the e.xperiments. The identity of action 
on the pancreas was to be expected since atropine is considered to be a racemic mixture of 
hysocyamine and its dextrorotatory' isomer. The laevorotatory compound, used in these 
experiments, is believed to be mainly responsible for the peripheral effects (19). 

Eleven acute experiments and two experiments on one of the chronic animals were done to 
determine the effect on the pancreatic vagus of the doses of hyoscyamine or atropine that 
we had used. For the acute e.xperimenls the dogs were anesthetized with 2 or 4 per cent 
chloralose in 20 per cent urethane given intravenously'. The 4 per cent chloralose gave 


* Total N (mgm./cc.) = S94.8 (Sp. g. — ^1.0075). 
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better anesthesia. About 2 cc. of the mixture per kilogram u-ere required but more was 
given when necessary. The vagus nerves vrere stimulated in the neck with condenser 
discharges at a frequency of about 3 per second. This type of stimulation generally caused 
only moderate slowing of the heart. Pancreatic secretion was recorded graphically by 
means of a drop recorder. In a few instances faradic current from a Harvard coil was used 
and in two of these the nerves were stimulated below the heart. In all but five of the 
experiments the pylorus was closed by means of a submucous ligature. Ligature of the 
pylorus or differences in the method of stimulation did not affect the results in any con- 
sistent way except that manipulation of the pylorus tended to decrease the response of the 
pancreas to stimulation of the vagi whether or not a ligature was used. 

In six of these dogs (nos. 22-27, table 1) one vagus was cut aseptically at least 10 days 
before the experiment and the other used for stimulation. Degeneration of one vagus ap- 
peared to enhance the response of the pancreas to stimulation of the other nerve and we 

TABLE 1 

Effect of hyoscyamine (or atropine) in the dosage used in this study on the 
response of the pancreas to electrical stimulation of the vagus 


VOLTJUn or PAXCSXATIC juice secreted IK RESPONSE TO VAGUS STIKUtATION 


DOG NO. 

WT. 

Control 

Alter hyoscyamine 

After physostigmine (following 
hyosc.) 



Duration 

of 

stimulus 

Volume 

Dose 

Duration 

of 

stimulus 

Volume 

.... 

Dose 

Duration 

of 

stimulus 

. 

Volume 



mt«. 

drepst 

mtm.tktn. 

tntn. 

drops 

mjm /him 

min. 

drops 

18 

11 

8 

15 

0.15 

15 

1 

0.09 

15 

2 

19 

11 

13 

11 

0.15 

15 

1 

0.15 

15 

6 

21 

18 

18 

10 

0.019 

15 

0 




21 

18 



0.15 

15 

0 




22 

13 

17 

9 

0.077* 

15 

2 




22 

13 



0.23* 

15 

0 




24 

6 

10 

8 

0.2 

15 

0 

0.12 

15 

ot 

25 

10 

15 

23 

0.2 

15 

0 

0.2 

15 

0 

26 

9 

10 

59 

0.2 

15 

4 

0.2 

10 

30 

27 

11 

15 

12 

0.06 

11 

5 




27 

11 



0.15 

15 

3 





* Atropine sulfate. 

t The dropper delivered 13 drops per cc. of distilled water. A displacement system was 
used, so arranged that only distilled water issued from the dropper, 
t No response to secretin at this time. 

think the procedure merits further trial in studies of this sort. In two of the fi%x dogs with 
normal vagi (nos. 17 and 20) no secretion was obtained at any time in response to nerve 
stimulation. Dogno.23 (one vagus degenerated) died before the experiment could be com- 
pleted. Hence eight successful experiments were performed on anesthetized dogs. 

In one of the chronic fistula dogs the left vagus was cut and chronically exposed according 
to the method of Pavlov (20) and the degenerating nerve stimulated on the fourth and fifth 
postoperative day. The experiment on the fourth day was done without anesthesia but on 
the fifth day the animal was so excitable that an anesthetic was necessary. He was given 
sufficient "Pcntothal sodium” intravenously to cause muscular relaxation. 

Reseuts. The dose of hyoscyaminc or ulropmc required to paralyze the pan- 
creatic vagus. The effect on the pancreas of stimulating the vagus nerves before 
and after administering hyoscyaminc or atropine in anesthetized animals is 
hown in table I. It is evident that in the dosage generally used in this study 
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these drugs effectively block the secretory endings of the vagus. Smaller doses 
were sometimes equally effective but in one instance at least the full dose of 0.2 
mgm./kgm. of hyoscyamine failed to cause complete paralysis. The residual 
response (about 7.0% of the control) is practically negligible but serves to indicate 
that the doses used are within the range of the minimal effective dose for vagus 
paralysis. Because of the well known unreliability of the pancreatic secretory 
response to stimulation of the vagus nerves there is danger of mistaking failure of 
the response due to other causes for paralysis due to drugs. For this reason we 
attempted to restore the response in some animals by administering physostig- 


TABLE 2* 

Effect of atropine or hyoscyamine on pancreatic secretion in response 
to peptone injected into duodenum in normal dogs 


DOC HO. 

NtTUBEK Of 
EXPEDIENTS 

CONTROL PERIOD (AXXRACES) 

3(M0 MIS. ATTER CIVINC DRUG 

Vol. 

SpE. 

Total N 

Vol 

Sp B. 

ToUlN 



cc 


mgm /cc. 

ec. 


r\%n.fcc. 

2-39 

1 




■33a 



3-39 

1 

2.6t 






2-40 

3 

2.86 

1.Q178 

6.1 

1.73 


3.3 

7-43 

5 

1.99 

1.01701 

5.651 

11.1 

BjBIS 

2.4 

1-44 

5 

1.47 

1.0224 

8 8 

2.98 


4.0 

2-44 

2 

2.15 

1.0183 

6.45 

2.85 

1.0137 

3.7 

3-44 

2 

1.6 

1.0186 


1.15 

1.0148 

4.3 

5-44 

1 

1.7 

1.0177 

6.0 

3.81 

1.0106 

1.8 

1-45 

2 

2.7 

1.0209 

7.14 

9.91! 

1.0114 

1.89 

2-45 

2 

2.25 

1.0199 

7.0 

1.7 

1.0119 

2.66 


• In this table and in tables 5, 6, and 7, the control values are averages for all samples 
collected during the control periods of all pertinent experiments on any one dog. The 
values given under “30-40 min. after giving drug” are averages of values for a group of 
single samples, one from each experiment, collected during the ten minute interval nearest 
the time indicated. 

t Volumes estimated from graphic records, 

t From 4 experiments. 

§ 20-30 min. sample; volume fell off later as dog became e.xcited. 

U Includes one experiment terminated at end of 30 min. 

mine sulfate after hyoscyamine paralysis. In three of five such experiments the 
response was partially restored by physostigmine. 

The results obtained in experiments on the degenerating vagus in the chronic 
animal were similar to those obtained in anesthetized dogs. On the fourth post- 
operative day stimulation of the degenerating nerve with a faradic current (Har- 
vard Coil, secondary' at 8j cm.) for 10 minutes caused the pancreas to secrete 
2.5 cc. of juice of high specific gravity (1.0214). After giving 0.15 mgm./kgm. 
of hyoscyamine 0.2 cc. of juice was secreted during an identical period of stimula- 
tion. On the following day between 1.0 and 1.5 cc. of juice was obtained during 
each 10 minute period of stimulation. Xo secretion was obtained on repeating 
the stimulation immediately after giving 0.075 mgm./kgm. of hyoscyamine. 
Thirty minutes later the same stimulation produced 0.4 cc. of juice. 
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Changes in the response (o Peptone. Twenty cc. of 5 per cent peptone in the 
intestine as used in the experiments on chronic animals normally causes secretion 
of about 2 cc. of highly concentrated pancreatic juice in 10 minutes. After giving 
atropine or hyoscyamine in the dosage used the volume of the ten minute samples 
characteristically increased while the specific gravity and total nitrogen invariably 
decreased. The increase in volume of secretion occurred consistently in 7 of the 
10 normal dogs studied. In one dog (3-44) atropine or hyoscyamine caused no 
significant change in the volume of secretion and in two (2-40 and 2-45) the vol- 
ume was decreased. The results are summarized in table 2. 

TABLE 3 


Control experiments vjitk peptone injected tnto modified Thiry loop 


DOC KO 

, NtTitBEK. 0? 
l^XPEStMENTsl 

1 

, AVERAGE VCEUIIE OE CONSECDTTVE SAMPLES KOS 2-5 

2 1 

3 

4 

5 

6 ' 

1 

! * 



cc. j 

cc 

cc 

cc 

cc 1 

cc. 

cc. 

4-44 

4 

1.3 

H9 

0.95 


1 1* 

i.ot 

0.2t 

2-45 

2 

0 55 


0.75 1 

0.6 

-tt ! 

-n ! 

0.6t 

545 

6 

0.98 

mm 

0 95 1 

0 86 


0 78§ 

1 

0 7611 


* Two experiments, 
t One experiment, 
t Ko data (cannula blocked). 
I Five experiments ' 

K Three expenments. 


TABLE 4 

Effect of olroptne or hyoscyamine on pancreatic secretion in response 
to peptone injected into modified Thirty loop 


DOC KO 

NCMBER OT 
EXPEW 
MEKTS 

CONTROL PERIOD AVERAGES 

I APTER CIVISG DRUG 

1 VOLDlIE or SAMPLES NOS 1-4* 

1 

Vol 

Sp B 1 

; Total N 

* 

; 2 

3 

i ^ 




|__g 

mfm /cc 

1 CC 

i cc 

CC 

i « 

444 

1 

i 0 9 


7 35 

Hi 

few drops 

0 2 

few drops 

245 

3 



11 42 




0 3t 

545 

3 


BBI 

7 51 

n 

1 ° ^ 

j >0 1 

few drops 


* Corresponding in time to samples 5, 6, 7, and 8 in table 3. 
t One experiment only. 


When the peptone t\as injected into a modified Thivy loop of the duodenum or 
jejunum instead of the intact intestine, atropine or hyoscyamine completely abol- 
ished the secretory response or leduced it to such an extent that the residual se- 
cretion could not be distinguished from the spontaneous secretion which appears 
intermittently in normal dogs This Jesuit was obtained consistently in the 
three animals studied. Control expenments on these animals are summarized 
in table 3 and experiments with drugs m table 4. 

Changes in (he response to soap. Ten cc. of two per cent soap solution in the 
intestine causes an abundant secretion of pancreatic juice having a higher con- 
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centration of solids than that obtained with secretin or HGI but less than that 
obtained with peptone. Atropine or hyoscyamine caused a decrease in volume 
and specific gravity of the secretion. The specific gravity was lowered in some 
instances to the level characteristic of secretin juice. The results are summarized 
in table 5. 

Changes in the response to HCl or secretin. Although these agents normally 
provoke secretion of relatively dilute pancreatic juice in terms of enzymes atro- 
pine or hyosejmmine generally caused a decrease in concentration as indicated by 
measurements of specific gravitj'. In a few experiments these changes were con- 
firmed by nitrogen determinations and enzyme studies. The volume of secretion 


TABLE 5 

Effect of atropine or hyoscyamine on pancreatic secretion in response to 
soap in the intestine 


DOG KO. 

jnTUEEU or 

EXPESUfENTS 

CONTROL PERIOD (AVERAGES) 

30-i0 snN. AFTER CIVIKC DRUG 

Vd. 

Sp.g. 

Total N : 

Vol. 

1 Sp.g. 

Total N 



U. 


mirn./u. 

cc. 


tngm./cc. 

7-43 

2 

2.85 


4.2 

0.5 

lEB 

1.5* 

144 

2 

4.77 


4.5 

3.4 

IBI 

1.4 

145 

2 

6,8 

1.0123 

3.9 

2.9 

IBI 

1.28 


* From one e.vperiment only. 


TABLE 6 

Effect of atropine or hyoscyamine on pancreatic secretion in response 
to HCl in the intestine 


DOC NO. 

1 

tnjuBEB or 
EXPERIUENTS 

CONTSOE PERIOD (AVERAGES) 

3(M0 UIK. ATTER CIVTKC DRCG 

Vol. 

Sps- 

Total K 

j Vol. 

Sp.g. 

1 Total X 




i 

mgm./cc. 

cc. 




2 



2.0 

2.0 

1.0090 



2 


1.0117 

2.5 

3.6 

1.0101 



2 

12.5 


0.63 

7.1 

j 1.00S7 

j 0.45 


likewise was reduced by the drugs. The decrease in volume was greater when 
the stimulus was HCl than when secretin was being used. One animal (No. 3-44) 
showed no change in quantity of secretion obtained in response to secretin when 
hyoscyamine was given. This was the dog referred to in the section dealing with 
peptone as showing no change in volume of secretion. No experiments were ob- 
tained with soap or HCl in this animal and only one experiment was done udth 
secretin. Tables 6 and 7 are summaries of experiments with HCl and secretin 
respectively. 

Control experiments. More than one hundred experiments without drugs, in 
which the same technique was followed and the same stimuli used as in the ex- 
periments with atropine or hyoscyamine, have been performed on thirty normal 
dogs including those used in this investigation. A sun'ey of these experiments. 
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particularly those which were continued for as long or longer than the experi- 
ments with drugs shows that no consistent changes in the quantity or quality of 
the pancreatic secretion occurred as a result of the passage of time or of repeated 
stimulation, except mth soap. When soap was used the volume of the later 
samples tended to he somewhat greater than that of the early ones and specific 
gravity slightly less. Periodic changes, apparently associated with hunger 
periods, were noted in the response of the pancreas to each of the stimuli used. 
These comprised an increase in volume and, often, in specific gravity of the juice. 
All these changes were moderate and could not possibly be confused with the 
more pronounced effects of the drugs. These control experiments are distinct 
from the observations made during the “control period” which preceded each 
experiment with drugs. The latter were introduced to detect any abnormality in 
the response of the pancreas to the specific stimulus on the day of the experiment. 

Discussion. Administration of atropine or hyoscyamine in doses sufficientto 
paralyze the secretory endings of the va^ reduces the specific gravity and total 
nitrogen of pancreatic juice in the unanesthetized dog regardless of the stimulus 

TABLE 7 


Effect of atropine or hyoscyamine on pancreatic secretion in 
response to secretin given intravenously 


DOC KO, 

KUUDER OP 
i txrewMxms j 

j COKTBOL PERIOD (AVERAGES) 

1 

30-^0 Sim ATTER GIVING DREG 

Vol. 

SPE. 

Toul N 

: Vol. j 

Sp E. 

Total N 


j 

cc 


n»|m./ec. 

«. 


mgm /ce. 

1-44 

2 

6.25 

l.OUl 

2.15 

4.8 

1.0105 

1.75 

7-43 

1 

7.3 

1.0106 

1.8 

4.5 * 

1.0097 

1.3 

3-44 

1 

4.07 

1.0110 

2 1 

4.2 

1.0102 

1.6 


used to evoke secretion. This fact strongly supports the current view that the 
parasympathetic innerv'-ation is a factor in promoting the secretion of enzymes by 
the pancreas. (For literature see Thomas (22) ). It does not necessarily follow 
that each effective stimulus initiates a parasympathetic reflex. Such an inter- 
pretation would be absurd in the case of secretin and is usually not accepted in 
the case of HCl (23 p 499). A more satisfactorj^ explanation for the change in 
response to secretin, at least, is to be found in the well known “tonic” actiruty of 
the abdominal vagus, possiblj^ augmented in specific instances by conditioned 
reflexes. Such activity, though generally subthreshold for pancreatic secretion, 
may nevertheless be capable of modifying the response to effective stimuli and 
thus increase the enzyme content and even the volume of the secretion. We see 
no reason, however, to deny the possibility of a reflex response to HCl in the in- 
testine. The fact that the response to HCl is affected more by atropine than is 
the response to secretin favors the view that acid owes part of its action to a re- 
flex. Further evidence is to be found in the observation bj' Crider and Thomas 
(18) that the volume of pancreatic juice secreted in response to HCl in the in- 
testine is considerably reduced by section of the vagus nerves in unanesthetized 
dogs. 
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The results with soap are difficult to interpret. In the experiments of Crider 
and Thomas (18), the response of the pancreas to soap stimulation was not af- 
fected by cutting either the vagus or splanchnic nerves or both. Babkin (23 
p 763) has suggested that a substance with chollne-like properties, possibly cho- 
line itself, may be involved in stimulation of the pancreas by soap or fat in the 
intestine. Pancreozymin (24) apparently is not involved since the action of this 
agent is said to be unaffected by atropine. 

The considerable decrease after atropine in specific gravity and total nitrogen 
of pancreatic juice secreted in response to peptone stimulation is in accord with 
the view expressed by Crider and Thomas (18) that peptone owes a part of its 
action on the pancreas to reflexes invohdng the vagus nerves. The increase in 
volume of secretion that occurred in most dogs under the same circumstances 
does not accord with the results of vagotomy. This operation was followed by a 
decrease in volume. The fact that the secretory response to peptone was abol- 
ished after atropine in those dogs in which the stimulus was applied to an isolated 
loop of the intestine eliminates the possibility that the increase in volume is due 
to local changes in the pancreas such as relaxation of the ducts or direct stimula- 
tion of the secreting cells. This fact also eliminates the possibility that the 
increase in volume results from increased effectiveness of a hormone from the 
intestinal mucosa. Evidently some mechanism in the intestine capable of 
promoting pancreatic secretion is stimulated by atropine and hyoscyamine. 
Stimulation of the enteric nerve plexus by these drugs would explain the 
results if it could be shown that the plexus extends into the pancreas and con- 
veys secretory impulses. 


STOIMARY 

1. Doses of atropine or hyoscyamine sufficient to block the secretory endings 
of the vagus nerves decreased the specific gravity and total nitrogen of the pan- 
creatic juice in unanesthetized dogs regardless of the stimulus used to promote 
secretion. 

2. When the stimulus was soap or HCl in the intestine or intravenous secretin 
the volume of the secretion was also decreased by the action of these drugs. The 
response to secretin was affected least. 

3. The volume of pancreatic juice obtained in response to peptone in the in- 
testine was increased by atropine or hyoscj'amine in seven of ten normal dogs. 

4. The secretory^ response of the pancreas which normally follows injection of 
peptone into a modified Thiry loop of the duodenum or jejunum was abolished 
by atropine or hyoscyamine. 


CONCnUSION 

Either the parasympathetic innenmtion or some other mechanism that is 
affected by the parasympathetic depressants contributes to the secretion of 
enzymes by the pancreas in response to a variety of stimuli including HCl and 
secretin. 
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Sodium fluoroacetate has recently been introduced as a rodenticide (1). 
Therefore, an understanding of its pharmacological actions and a knowledge of 
its toxicity to various species, including primates, is essential. 

In a cooperative program with the Fish and Wildlife Service of the Department 
of Interior, the Medical Division of the Chemical Warfare Service in association 
with the Army Committee on Insect and Rodent Control has conducted studies 
on fluoroacetate. These have revealed numerous pharmacological actions, some 
of which may prove to be valuable as research tools. An extreme degree of 
species variability in both site of action and susceptibility has also been 
demonstrated. 

The fluoroacetate ion might be expected to share the actions of other mono- 
halogenated acetates (2, 3). This expectation has not been fulfilled. Rather, 
it is much more toxic and exerts specific actions on the myocardium and nervous 
system. Death in acute fluoroacetate poisoning results either from ventricular 
fibrillation or excessive stimulation of the central nervous system. The follow- 
ing paper deals with a general survey of the actions of fluoroacetate in a variety 
of mammalian species. Emphasis has been placed on species variability with 
respect to site of action and susceptibility. A more detailed analysis of the 
mechanism of action of fluoroacetate will be presented in further communications. 

Procedube. There is a variety of compounds ■which yield the fluoroacetate ion in the 
body. These include fluoroethanol, methyl fluoroacetate and sodium fluoroacetate. All 
possess the same pharmacological actions ■when compared on the basis of equimolar dosage. 
However, inasmuch as sodium fluoroacetate may be contaminated with fluoride ion unless 
special precautions are taken in its preparation, in all the following experiments methyl 
fluoroacetate, which can readily be purified by distillation, was employed. 

Methyl fluoroacetate is a colorless, moderately water-soluble (ca. 8 per cent) liquid with 
a fruity odor boiling at 104-105°C. (uncorr.). In aqueous solution it hydrolyzes with 
time to form fluoroacetic acid and methyl alcohol. This can largely be avoided by storing 
solutions in the refrigerator. On the other hand the carbon-fluorine bond can only be split 
by such harsh procedures as pyrolysis in a free flame or treatment with hot chromo-sulfuric 
acid. 

The actions of fluoroacetate have been studied in a wide variety of mammalian species 
as well as chickens and frogs. For administration in all species the methyl fluoroacetate 
was dissolved in isotonic sodium chloride solution and injected by an appropriate route. 

Results. I. Species in which fluoroacetate affects chiefly the heart. A. 
Rabbit. Following the intravenous injection of an LDso of methyl fluoroacetate 

> Captain, M. C., AUS. 

* Jlajor, Sn. C., AUS. 



PHAEMA.COLOGY OF FLOOROACETATE 


91 


(0.5 mgm./kgm., see table 1) there is a latent period of one to two hours during 
which the animal appears normal. At this time a small proportion of animals 
rcay develop a sudden conrmlsive seizure of a tonic-clonic variety, terminating 
in opisthotonus, pupillary dilatation and death. No heart sounds are audible 
although gasping respiratoiy movements continue for several moments. ^ If the 
heart is e,vamined at this point the ventricles will be found to be fibifflating. 
Detailed electrocardiographic studies of the events preceding fibrillation will 
form the subject of a future communication. 

Usually, however, rabbits develop motor disturbances about two hours after 
injection which are manifested by a sprawhng position of the forelimbs with the 
head placed flat on its side between them. This phenomenon has not been 
analyzed ftirther. Between tw’o and twelve hours after injection ventricular 
fibrillation occurs and is immediately followed by an anoxic convulsion. The 
rabbit, in common with many small mammals, will often spontaneously revert 
to a normal sinus rhythm during a period of ventricular fibrillation. If the 

TABLE 1 


Mortality of rabbits follotoing intravenous infection of methyl fiuoroacetate 
Date obtained over a two year period witb severai bieeda ot rabbits 


Dosi: 

TOTAt AKOCAtS INJECTED 

TOTAL ANUIAI^ OYTOC 

Ttx CENT WOmXJTy 

0.10 

10 

0 

0 

0.15 

10 

0 

0 

0.20 

10 

1 

10 

0.25 ! 

16 

9 

56 

0.60 

101 

94 

94 

1.0 

53 

53 

100 


myocardium has not been anoxic for too long a period the animal may recover 
sufficiently to become ambulatory. However, a second anoxic convulsion due to 
the recurrence of ventricular fibrillation soon follows. Rarely does any animal 
repeat this performance more than twice, usually dying in the second bout of 
fibrillation. 

In order to establish with certainty that recurrent convulsions were due to 
bouts of cardiac syncope, several unrestrained rabbits w’ere poisoned with 
fiuoroacetate and their electrocardiogram continually obsei^’ed by means of the 
Sanborn “Cardioscope”. In every instance circulatory standstill preceded the 
comulsions. Practically always this was due to ventricular fibrillation; oc- 
Kisionaliy A-V block or ventricular tachycardia was responsible. Purther 
evidence that fiuoroacetate fails to excite the nervous system of rabbits is the 
fact that cloctrocnecphalographic examination has failed to reveal the character- 
istic conruilsant acthity seen in species susceptible to the central actions of the 
fiuoroacctatcs. 

Except for the temporal aspects of the course of poisoning there is little dif- 
ference in the response of rabbits to an LD^ (0.20 to 0.25 mgm./kgm.) and large 
doses (2.0 mgm./kgm.) of methyl fiuoroacetate. In the case of the former dose. 
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death may be delayed for as long as 24 hours; in the case of the latter it may occur 
•nuthin 30 to 60 minutes. 

The mortality data shorni in tables 1 and 2 indicate an intravenous LDso in 
the order of 0.20 to 0.25 mgm./kgm. These are combined data from several 
varieties of rabbits. There is some evidence that the small, short-eared breed of 
rabbits knoivn as “Dutch” are less susceptible than other breeds. Therefore, 
the slightly lower toxicity following subcutaneous injection is probably more 
related to susceptibility than route of administration. As will be seen for the 
rat, to.xicity by various routes is veiy similar. 

B. Goats. Twenty-four goats were divided into six groups of four each and 
injected intramuscularly with methyl fluoroacetate at dose levels of 0.6, 0.7, 0.8, 
0.9, 1.0, and 1.1 mgm./kgm., respectively. At levels of 0.7 and 0.9 mgm./kgm. 
all the animals died but in the remaining dose-groups only three of the four 
animals died. Most of the deaths occurred between four and twenty hours 
after injection although several animals died one or two days later and one was 
observed by chance to die with all the symptoms of ventricular fibrillation seven 
days after the injection. It is possible to state only that an intramuscular 
LDso for the goat is somewhat less than 0.6 mgm./kgm. 

TABLE 2 


MortalUy of rabbits {"Dutch") following subcutaneous injection of methyl fluoroacetate 


oosc 

TOTAt ANTUALS INJECTED 

TOTAL ANIMALS DYING 

PEE CENT MOETAltTY 

/ktm. 

0.30 

11 

3 

27 

0.50 

25 

24 

96 


Four other animals were examined electrocardiographically, two under light 
pentobarbital anesthesia (35 mgm./kgm. by vein, frequently repeated) and two 
unanesthetized. Large doses of methyl fluoroacetate (2.0-4 .0 mgm./kgm.) 
were given by vein and death occurred in from one to three hours. In all four 
animals death followed ventricular fibrillation. No return to sinus rhjdhm was 
noted, once ventricular fibrillation developed and hence no recurrent commlsions 
were obsen^ed. No evidence of any central nervous system action was obtained 
and in general the goat behaved as did the rabbit. 

C. Horse. Two healthy over-age cavalry remounts were made available 
because of their ricious temper. Horse no. 1 received 0.5 mgm./kgm. of methyl 
fluoroacetate intravenously rvithout marked effect upon his behavior in the 
corral during the remainder of the day. The following day the animal was de- 
pressed although still able to stand. No evidence of central nen-ous system 
stimulation was elicited. Three days later this horse was again normal and 
was anesthetized rrith 240 mgm./kgm. of sodium barbital by vein. Control 
electrocardiograms were obtained and 3.2 mgm./kgm. of methyl fluoroacetate 
were injected intramuscularly. Three hours later the peripheral pulse was 
impalpable and in another hour ventricular fibrillation ensued. There was no 
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change in the appearance of the animal until after ventricular fibrillation was 
detected electrocardiographically. It is difficult to be sure that no central 
ner\^ous system changes occurred since the anunal was anesthetized. Honerer, 
in species susceptible to the central actions of fluoroacetate barbiturate an- 
esthesia does not completely mask central excitation (vide infra). Horse no. 2 
received 1.75 mgm./kgm. and developed the same picture. The response of the 
horse therefore closely resembles that of the goat and the rabbit. It n ould 
appear that the horse is somewhat more resistant than the goat for although the 
animals were not actually weighed the estimates of their weight made by several 
experienced veterinary officers did not varj' more than fifty pounds from each 
other. Thus a lethal dose for the horse would appear to be between 0.5 mgm. and 
1.75 mgm./kgm., intramuscularly, and to exert its action primarily upon the 
mj’ocardium. 






Fig 1. The upper electrocardiographic tracing (Lead II) from a Spider monkey reveals 
the onset of ventricular fibrillation si\ hours after the intravenous injection of 12.0 rogm./ 
1 -, — ..c — , 1 . 10 . , . . The lower record was obtained from a small pig three hours 

the intraperitoncal injection of 0.8 mgm./kgm. of methyl 
fibrillation was preceded by a run of premature ventricular 

contractions. 

II. S-pccics in ivliicli fluoroacetate affects heart and central nervous system. 
.1. Cat. The response of the cat to fluoroacetate differs from that of the animals 
previously described in that both the heart and the central nervous system are 
involved. Intravenous doses of 0.5 to 1.0 mgm./kgm. of methyl fluoroacetate 
in unancsthetized cats, follow ing the characteristic latent period, produced vomit- 
ing, salivation, pupillary dilatation, hyperpnea, hyperexcitability and myotonic 
convulsions occasionally interspersed with a violent myoclonic convulsion. This 
convulsive state persisted for .several hours. In general, the cardiac changes in 
unane.sthetized cats were those compatible with anoxia. Death in these animals 
was usually ilue to depiession of the respiratoiy center while the heart continued 
to beat after respiration had ceased. Occasionally death resulted from ventric- 
ular fibrillation. 

Cats anesthetized with sodium pentobarbital (33 mgm./kgm. intraperi- 
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toneally) and injected intiavenousl 3 ’ with 0.5 to 5.0 mgm./kgm. of metli.vl 
fluoroacetate manifested central nervous sj'stem stimulation even though 
completelj' anesthetized However, respiratorj’ depression was not marked and 
onlj" occasional was artificial respiration required to tide the animal over an 
apneic period. I'^entricular fibrillation occurred frequentlj^ in this group of 
animals. 

Because of the unceitaintj- whether in a given cat cardiac or central nervous 
system symptoms would predominate, thej'- were not frequently used for more 
detailed studies. For that reason little effort was made to obtain precise data on 
the toxicitj' of methjd fluoroacetate to cats. How ever, of 24 animals injected 
with 0 5 mgm /kgm or more, all died. Thus the LDso is below 0.5 mgm./kgm. 
and probabl 3 " in the neighborhood of 0.3 mgm /kgm. 

B Domcihc pig Small pigs weighing between two and ten kilograms were 
rnjected rntraperitonealty with 0 5 mgm /kgm. of meth 3 ’l fluoroacetate. One 

3 


Mortality of small pigs follouing intrapcntoneal injection of methyl fluoroacetate 


DOSE 

1 

TOUL IVJECTED i 

TOTAL AMilALS DMNC 

PEB CENT MOBTALITV 

/ifm 

0 1 

i 

2 

1 

1 0 

0 

0 2 

2 


0 

0 3 

2 

1 

50 

0 -1 

5 

2 

•to 

0 5 

■} 

3 

75 

0 6 

0 

5 

83 

0 7 

3 

3 

100 

0 S 

f 3 

3 

100 

1 0 

1 

1 

100 


or two hours later occastonal tremors and increased e\crtabilrt 3 ’ were observed 
together w ith a disinclinatron to move in typreal cases About four hours after 
the injectron rnolent m 3 ’otonic conrulsions occurred whrch graduall 3 ’^ regressed or 
ended rn respirator}' depression and death while the heart contrnued to beat 
vigor ortsl}’ for several mrnutes after respiration ceased. ApproNimatel}' 50% of 
the animals died of respirator}' failure The temarnder were observed to de- 
\elop ventricrrlar fibrrllatron followrng or durrng convulsire seizures of central 
origrn. An occasronal antnral died of rerrtrrcular fibrillatron before central ex- 
citation was evident (sec fig 1) Immedratc pobt-mor tern examinations usually 
rerealed four or fi\c ctrbic centimeters of bloody pericardial fluid These ex- 
periments were performed dur-rng the winter on antmals kept in an only moder- 
ately warm sty and no irnpoisoned animals were examrned. It rs possible that 
this change was not due to fluoroacetate, espectalh’ as it was not noted in any 
other species 

As can be seen from the data presented rn table 3, the LDso of meth}'! fluoro- 
acetate admrnistered intraperitonealh' to prgs Ires close to 0 4 mgm./kgm. The 
action of the drug appear-s to be exerted more or less equally upon the 
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myocardium and the central nervous system with somewhat more than half the 
animals actually succumbing to ventricular fibrillation. 

C. Monkeys. The monkey was chosen as the primary test animal in a search 
for an antidote to fluoroacetate. In view of the marked difierences among the 
various species of animals studied, it was felt that the application of the results 
of studies on antidotes to man would be more feasible if data were available upon 
primates. Because of wartime procurement difficulties it was necessary to make 
as many therapeutic trails upon a given monkey as possible. For that reason ani- 
mals served as “autocontrols”, recehdng the same dose of fluoroacetate several 
weeks after surviving a given dose with the aid of treatment. It was therefore 

TABLE 4 


Morlalily 0 } Macaco mulatla following the intravenous injection of methyl fluoroacetate 


Z>OS£ 

TOTAX. AKOMiS INJECTE© 

1 

TOTAL ANQIAIS DYING 

rzs. CENT MOUTAUTY 

ffljm fhtm 

5.0* 

1 

13 

9 

69 

7.5 

9 

7 

78 

10.0 

18 

15 

84 

15.0 

3 

3 

100 


• Several large animals died within one hour or less following the injection of 5.0 rogm. 
In common with other experiences (7), it has been fovmd that smaller andyoungermembera 
of a species are more resistant to the induction of ventricular hbrillation by any means. 


TABLE 5 


The mortality of a species of spider monkey (Ateles geoffroyit) following 
the intravenous injection of methyl fluoroacetate 


DOSE 

j TOTAL ANtUALS XHIECTED 

TOTAL ANIUALS DYlNC 1 

rsa CENT MOMAUTY 

mfffl Ikim, 

10.0 

2 

1 ' 

SO 

12.0 ] 

6 

1 j 

17 

12.5 ' 

5 

1 ! 

20 

16.0 

1 

1 ! 

100 

20.0 

2 

2 

100 


necessary in order to kiU the animals when untreated to use doses of fluoro- 
acetate well above the LDto. This is reflected in the data in tables 4 and 5. 

Two species of monkey were available for study, the common East Indian 
monkey , Macaca mulatta (Rhesus), and a prehensUe-tailed South American spider 
monkey of the Aides family, possibly Aides geaffroyi. The majority of both 
species were examined unanesthetized, tied on their backs to an animal board. 
Approximately one third of the macaques were sedated with intravenous sodium 
pentobarbital (15-20 mgm./kgm.). The spider monkeys required no sedation. 
All injections were made into the popliteal veins of the macaques and the 
femoral veins of the spider monkej-s. 

1. Macaca mulaiia. During the course of the studies on fluoroacetate, 43 of 
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these monkeys were injected ivith methjd fluoroacetate. Continuous cardio- 
scopic observations of the electrocardiogram and continuous auscultation of the 
heart by means of a heart microphone, amplifier, and loud speaker permitted 
moment to moment assessment of the cardiac status. 

A typical e.vperiment is that performed on monkey no. 5. Ten milligrams per 
kgm. of methyl fluoroacetate were injected intravenously with the anhnal pre- 
pared as described above. One hour later occasional premature ventricular 
contractions were noted. At two hours the T-wave of the electrocardiogram had 
become accentuated. A few minutes later a comuilsion was heralded bj^ blinking, 
defecation, nystagmus, facial muscle twitching and some salivation. After what 
appeared to be strikinglj' like the onset of an epileptic attack a jerking, sjun- 
metrical tonic comuilsion occurred. This comuilsion lasted for three or four 
minutes and gradually subsided, the animal remaining conscious but manifestly 
fatigued. Shortly after this connilsion, the electrocardiograph revealed per- 
sistent alternation in the shape of the T-wave. Alternation was obsen'ed in the 
peripheral pulse and could be detected in the heart sounds. One hour later a 
second, very brief, coni’ulsive episode occurred, a phenomenon which was not 
usually encountered. Four and one-half hours after injection, a marked al- 
ternation of the T-wave and a SO per cent pulse deficit were persistent. About 
one half hour later I'entricular fibrillation ensued and was followed by a typical 
ano.vic convulsion. The injection of procaine (1.0 cc. 2 % procaine hydrochlo- 
ride) into the heart combined with transthoracic cardiac massage reverted the 
fibrillation to an organized contraction within one minute. Bouts of ventricular 
fibrillation recurred four more times in the next two hours and all but the final 
bout were terminated with procaine and cardiac massage. 

It is evident that in the macaque death is due entirely to ventricular fibril- 
lation although a typical coni-ulsion of central origin is seen in nearly everj' in- 
dividual. These connilsions can be ablated or averted by the intravenous 
administration of sedative doses of sodium pentobarbital (15-20 mgm./kgm.) 
and even if untreated are not sufficiently severe to cause death. It was apparent, 
therefore, that the search for an antidote should be directed toward prevention or 
reversal of ventricular fibrillation. The fact that the intracardiac injection of 
procaine and cardiac massage can restore an organized beat to a fibrillating heart 
has been demonstrated by Burstein and Marangoni (4). The efficacy of this 
procedure in terminating fibrillation induced by methyl fluoroacetate in the 
macaque was soon established. For e.xample, one animal was reverted to sinus 
rhj-thm after ten successive bouts of ventricular fibrillation, each confirmed 
electrocardiographicall}'. Death resulted in the eleventh episode. It became 
commonplace to detect ventricular fibrillation immediately by means of the heart 
microphone and to render treatment which was effective in approximately ninety 
per cent of the incidents. However, onl 3 ’^ two animals were permanently saved 
by this method, recurrent attacks of ventricular fibrillation eventually becoming 
irreversible. 

In an analj'sis of the cardiac actions of procaine Marangoni, Burstein and 
Rovenstine (5) have ascribed to the para-amino benzoic acid portion of the 
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procaine molecule an action on tlie myocardium which is effective in preventing 
the onset of epinephrine induced ventricular fibrillation in dogs under cyclo- 
propane anesthesia. For this reason the sodium salt of this acid nas prepared 
and tested as an antidote in fiuoroacetate poisoning. However, oral doses as 
as high as 300 mgm./kgm. administered hourly throughout the experiment failed 
to alter significantly the incidence of ventricular fibrillation in 21 monkeys, 
although a general impression was gained that PABA rendered defibrillation with 
procaine easier. 

Two other drugs alleged to have actions on the myocardium effective in the 
prevention of ventricular fibrillation, namel 5 ' papaverine (6) and quinidine (6) 
nere examined. Papaverine hydrochloride (10 mgm./kgm., intravenously) 
was found to be of no benefit. In fact, such doses lowered QRS voltage and 
slowed cardiac rate markedl 5 ' for several minutes after each injection. Likenise 
the prophylactic administration of quinidine (30.0-50.0 mgm./kgm. of the 
hydrochloride b 5 '^ mouth) failed completely to prevent ventricular fibrillation 
following 10 mgm./kgm, of methyl fiuoroacetate, even when administered everj- 
three hours during the course of the poisoning. In four macaques treated in this 
manner and three others treated with intravenous quinidine (5.0-10.0 mgm./ 
kgm. every three hours) there was no erddence of any protective action. 

It is thus apparent that the only treatment to date which has been at all 
successful in reversing ventricular fibrillation has been the use of intracardiac 
procaine with cardiac massage. However, attempts to treat the spider monke 3 ’’s 
ere not nearly so successful possiblj’ because this species has a much wider and 
hearder thoracic cage than the macaque. This rendered cardiac massage inef- 
fective and indicates that massage may play an important role in the reversal 
to a normal contraction. The possible value of this procedure in man maj’ there- 
fore be questioned. 

2. Aides {gcoffroyif). These were large (4-6 kgm.) spider monkeys in rel- 
ativelj' poor condition, several djdng spontaneously in the animal house during 
the period of a month. The course of fiuoroacetate poisoning in these animals is 
similar to that described for the macaque with two major differences. The first 
is the nearlj- complete absence of central nervous system manifestations. Onlj* 
one monkej' of the series of IG developed a convulsion, nhich was of exactlj- the 
same tjpe as described for the macaque. None of the remaining 15 exhibited the 
slightest sign of central nervous sj’stem excitation. The second is the increased 
resistance to fiuoroacetate shown bj' the spider monkey. Tables 4 and 5 reveal 
that the spider monkey is at least two or three times more resistant to fiuoro- 
acetate. Inasmuch as death in both species may be ascribed entirelj' to the 
cardiac action of fiuoroacetate, the fact that one species manifests central nervous 
system stimulation and one does not, may be regarded as an imimportant factor 
in the difference. 

HI. Spcacs tn wkidt Jluoroacclate affects only the central nervous system. A. 
Dog. Following the intravenous injection of as little as 0.10 mgm./kgm, of 
methyl fiuoroacetate there is a latent period of one to two hours. During this 
period the animal is apparently normal. llVith larger doses the latent period is 
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somewhat, but not markedly, shortened. The onset of central nenmus system, 
stimulation is indicated by the rather sudden appearance of hyperexcitabilit 3 ’', 
the animal running about and barking vigorously. Within a few minutes, this 
period of hyperexcitability gives way to frank conmilsions. These are usually 
heralded by snapping and barking, some salivation, defecation, blepharospasm 
and twitching of the facial muscles. The convulsion itself is at first myotonic 
although later the action of the drug tends chiefly to be manifested by running 
movements, especially oi the SorelhnDs, witli an occaaonal hriei tonic episode. 
Barking and panting persist during the clonic phase of the convulsive period. 
Nystagmus is occasionally observed, particularly at the end of a brief qi iescent 
period, when it heralds the commencement of a severe convulsive episode. The 
convulsions may persist for one or two hours, ending in respiratory failure, the 
heart continuing to beat for some time after respiratory movements have ceased. 

Anesthetized animals (sodium pentobarbital, 35 mgm./kgm. by vein) drow 
erddence of the extreme central nervous system stimulation despite the an- 

TABLE 6 


ilortality of dogs folloV>ing the intravenous injection of methyl fluoroacetate . 


sosz 


TOTAL AKIUALS DVlVC 

PER CENT MORTALITY 

mgm./kgm. 

0.03 

2 

0 

0 

0.04 

4 

0 

0 

0.05 

1 

1 


0.10 

7 

6 

86 

0.20 

4 

4 

100 

0,30 

3 

3 

100 

0,45 

3 

3 

100 

0.50-2.0 1 

7 

7 

100 


esthesia. No cardiac changes have been observed in either anesthetized or 
unanesfhetized dogs which were not the direct result of the anoxia produced by 
respiratory failure. One animal was placed imder artificial respiration when 
spontaneous breathing ceased after an injection of 1.0 mgm./kgm. of methyl 
fluoroacetate. Approximately one hour later ventricular fibrillation developed. 
It may be taken as axiomatic that the central nenmus system alone reacts 
significantly to fluoroacetate in the intact dog. Although it is apparent that 
ventricular fibrillation can result from the action of the drug on the dog’s heart 
under certain circumstances, under ordinary conditions death results from 
respiratory depression during the convulsions while the cardiac status is com- 
pletel}’’ imaffected by the drug. A detailed analj'sis of the action of fluoroacetate 
on the central nervous system will appear in a later communication from this 
laboratory. 

It is apparent from examination of table 6 that the dog is the most susceptible 
species as yet examined. IVkile not accuratelj^ established, the LDso lies in the 
mcinitj' of 0,06 mgm./kgm. This dose is about twentj'-five per cent of the 
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LDeo for the rabbit, the next most suceptible species and about one sixth of the 
LDso for the guinea pig, the other species grouped v,ith the dog. 

B. Guinea pig. The sensitivity of the guinea pig approaches that of the 
rabbit rather than that of the rat and hamster. The LDeo following intra- 
peritoneal injection approximates 0.35 mgm./kgm. (table 7). The behavior of 
these animals when poisoned uith fluoroacetate is similar to that of the dog. 
Long continued convulsions are noted which alternate with a tremorous state. 
Convulsive bouts may be elicited by sounds or mechanical stimulation. Death 
alw’ays results from respiratory depression. No cardiac changes have been 

TABLE 7 


AtorloUly o/ guinea pigs following Ihe inlraperitoneal injeclion of methyl fluoToacelate 


DOSH 

tOTAL ANntALS INJECTED 

i TOTAE AimUES DYING 

EE» CENT MOETAErrY 

t«f« /kirn. 

0.10 

3 

0 

0 

0.20 

5 

0 

0 

0.30 

6 

1 

16 

0.35 1 

14 

7 

50 

0.40 ‘ 

5 

4 

80 

O.SO 

3 

3 

100 

0.75 

3 

S ' 

100 

1.00-5.00 

31 

31 1 

100 


TABLE 8 

Morality of rats injected by various routes with methyl fluoroacetate 


EOtrrE AND DQSE 

DIED/IOTAL 

PEE CENT lIOETADITY 

Per os (stomach tube) 

5.0 mgm./kgm. , . . I 

IntTamusoulaT 

18/24 

1 

i 

5 0 mgm./kgm. . . j 

Subcutaneous j 

13/25 

1 52 

5.0 mgm./kgm. 

6/12 

50 

6.0 mgm./kgm. 

26/36 

72 


observed electrocardiographically which could not be explained by the increasing 
anoxia. None of the typical cardiac abnormalities observed in other species was 
noted. 

IV. Species v}hich react atypically lo fluoroacetate. A. Rat. The symptoms 
of fluoroacetate poisoning in the rat are unlike those described for any of the other 
animals used in this study, with the exception of the hamster (q.v.). FoUouing 
the usual latent period of one or two hours the animals are noted to be tremorous 
and hj^perexei table. Com-ulsions of the myotonic type can frequently be elicited 
by mechanical stimulation. Occasionally they are obseived vithout apparent 
excitation. For the most part the rats tend to remain huddled together, heads 
curled under, and refuse food or water. Death when it occurs early (4-0 hours) 
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appears to be entirely due to respiratory depression. The following day the 
animals which have survived appear very depressed, and decidedly weak and 
ataxic. E.xamination of the heart at this time reveals a most extreme brady- 
cardia. The pacemaker appears to be almost entirel}’’ ventricular and the rate 
may be as low as thirt 5 ’^ contractions a minute. Several days may elapse before 
these animals return to normal. Ventricular fibrillation on the second day has 
been detected electrocardiographically, although infrequently. 

JB. Hamster. SmallSyrianbamstersweigbrngfromiTfty to one hundred grams 
were injected intraperitoneally with methyl fluoroacetate. The behavior of this 
species was exactly as described above for the rat. As indicated by the data in 
table 9, the LDso lies between 2.5 mgm. and 5.0 mgm.Agm- 

V. Reaction of species other than mammals. A. Birds. Five Rhode Island 
Red chickens were injected intravenously (wing vein) with doses of 5.0, 10.0, 
15.0 and 20.0 mgm. of methyl fluoroacetate. Death occurred in the two birds 
receiving 20.0 mgm./kgm. and in the one receiving 15.0 mgm./kgm. The other 
two birds survived having shown little or no symptoms of intoxication. Both the 
central nervous system and the heart were affected by fluoroacetate. All birds 

TABLE 9 


Mortality of hamsters following intraperitoneal injection of methyl fluoroacetate 


DOSE 

total anucals injected 

total ANniALS DVINC 

EES CENT UOSTALITY 

rnsn./iffTt, 

1.0 

4 

0 

0 

2.5 

4 

2 

50 

5.0 

8 

5 

62 

7.5 

4 

4 

100 


which died had persistent convulsions but death was due to ventricular fibril- 
lation in the one case which was examined electrocardiographically. 

B. Frogs. Very few frogs were examined as it was apparent from the first 
that the}’’ differed markedly from mammals in susceptibility. It was noted, 
however, that the LDjo lay in the rdcinity of three hundred milligrams per kilo- 
gram. Furthermore, it was clear that the primary action of fluoroacetate 
was on the nenmus system, no cardiac effects being noted. Trventy-four hours 
after poisoning the frogs were no longer conrmlsant but appeared to be paralj’^zed. 
In animals which recovered, this flaccid paralysis passed off during the subsequent 
twenty-four hours and the animals were apparently normal. 

Discussion. The character of the response of a number of species to fluoro- 
acetate has been described. The various mammals fall into four definite groups 
when classification is based upon the degree of response of the heart and central 
nenmus system to fluoroacetate (table 10). 

The rabbit, goat, spider monkey and horse form the first group. These 
animals develop ventricular fibrillation witliout evidence of central nenmus sys- 
tem stimulation. The cat, pig, and rhesus monkey form a second group in which 
both cardiac and central nen-ous system functions are affected, although not in 
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the same proportions in the three species. In the cat the central nervous system 
is primarily affected; in the pig there is a roughly equal partition between the 
action on the heart and the action on the central nervous system, while in the 
rhesus monkey the heart is primarily affected and the central nervous system 
stimulation is brief and unimportant. The third group, in which only central 
nervous system stimulation is observed, consists of the dog and the guinea pig. 
The rat and hamster show little relation to the previous three groups in their 
reaction to fluoroacetate and are, therefore, placed in a fourth group, that of 
atypical response. 


TABLE 10 

A summary of the responses of lartous mammals to fluoroacetate 


The route o{ adtaimstraUon ib intravenous unless otherwise specified 



IDs< 

KGif /kCM OP UETHYL 
rtUOROACETATE 

[ CARDIAC RESPONSE 

CKS RESPONSE 

Group I 




Rabbit 

0 20-0 25 

Ventricular j 

fibrillation ! 

None 

Goat 

0 60 

<{ i( 

(( 

Horse 

0 50-1 75 (i m.) 

tt (( 

(( 

Spider monkey 

14 0 

it « 

i “ 

Group II 




Cat 

0 5 

Slight 

Marked 

Pig 

0 4 (i p ) 

Response of both heart and brain 

1 about equal 

Rhesus monkey 

4 0 

Ventricular 
fibrillation | 

Very slight 

Group III 




Dog 

0 00 

Kone 

Marked 

OinTipn. pm 

0 35 (i p ) 

tl 

<< 

Group IV 




Rat 1 

5 0 (i ra , s c ) 

4 0 (per os) 

Atj pical 

bee iK\i 

Hamster 

2 5-5 0 (i p ) 

r< 

(( t( 


The wide range m lethality e.\hibited by fluoroacetate among the lanous 
species of mammals studied reveals about a tw o-hundred-fold difference betw een 
the most susceptible (dog) and the least susceptible species (spider monkej-)- 
Comparison of two species, both of which die in ventncular fibnllation (rabbit 
and spider monkey), reveals a nearly fifty -fold difference in susceptibility. 
As those mortality data were obtained by the intravenous injection of fiuoro- 
acetate in both species, which eliminates such factors as absorption, it is not 
unlikely that there is an undcrljing difference in the myocardium of these 
species capable of explaining a fifty-fold difference in the LDsa 
It is probable that the qualitative differences in response to fluoroacetate 
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among the various species can be explained by the uneven distribution through- 
out nature of the metabolic systems affected by fluoroacetate. Examination of 
table 10 reveals a distinct correlation between the degree of herbivorousness 
and the incidence of ventricular fibrillation as a cause of death and some cor- 
relation between camivorousness and the occurrence of central nervous system 
stimulation. Undoubtedly, underlying this phenomenon are marked differences 
in the species distribution of the cellular systems disrupted by fluoroacetate. 

The occurrence of a prolonged latent period between the injection of fluoro- 
acetate and the development of symptoms of poisoning is of interest. It may be 
shortened by the employment of veiy large doses but under ordinarj' conditions 
neither the size of the dose nor the route of administration have any bearing upon 
the latent period. The route of administration does not significantly affect the 
toxicity of fluoroacetate. Although data are presented in detail only for the rat 
and rabbit, it has been observed frequently that various routes of administration 
produce death at the same dose level. 

Taken in conjunction with the data in the body of the report, the considerations 
presented above indicate that fluoroacetate exerts a rather specific action upon 
one or more systems which are widely divergent in their distribution throughout 
the species studied. No evidence has been obtained that fluoroacetate is in any 
way comparable in its pharmacological action to the other mono-halogen de- 
rivatives of acetic acid. 

CONCLUSIONS 

1. The action of fluoroacetate injected as the methyl ester has been examined 
in eleven species of mammals and in the chicken and frog. No similarity to 
other mono-halogen derivatives of acetic acid has been noted. 

2. The heart of the rabbit, goat, horse and spider monkey is primarily af- 
fected and death is due to ventricular fibrillation. No central nervous system 
action has been observed in these species, with the exception of one of 16 spider 
monkeys. 

3. The central nervous system is primarily affected in the dog and guinea pig. 
Convulsions are epileptiform in character and death is due to the cessation of 
respiratory activity. No cardiac abnormalities have been observed. 

4. The rat and hamster develop changes in which depression and delayed 
bradycardia are prominent. They do not usual!}’’ exhibit ventricular fibrillation. 

5. Both the heart and central nervous system are affected in the cat, pig, and 
rhesus monkey. The central nen’ous sj'stem action ultimately causes the death 
of a majority of cats, about half the pigs and none of the rhesus monkeys. Those 
indmduals which do not succumb to respiratory failure during con\'ulsions 
ultimately die of ventricular fibrillation. 

6. The approximate LDso in milligrams per kilogram of methyl fluoroacetate 
is as follows: dog 0.06, jabbit 0.20-0.25, guinea pig 0.35, pig. 0.4, cat 0.5, goat 
0.5, horse 0.5-1.75, hamster 2.5-5.0, rhesus monkey {Macaca mvlatia) 4.0, rat 
5.0, spider monkey {Aleles geoffrotji) 14.0. Casual obseivation indicates that the 
chicken LDto is of the order of fifteen milligrams per kilogram and the frog of the 
order of three hundred milligrams per kilogram. 
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ADDENDUM 

Following completion of this manuscript a report by J. S. C. Marais in the 
Onderstepoori Journal of Veterinary Science and Animal Industry (20; 67-73 
(1944), through Chemical Abstracts, 39: 4116® (1945)) was received. This 
author found monofluoroacetic acid to be the toxic principle of Dichapetalum 
cymosum, a plant known to South African farmers as “Gifblaar”. The lethal 
dose of the dried plant was found to be 1.0-1.5 gram/kgm. orally for rabbits, 
while the potassium salt of fluoroacetic acid was found to be lethal for rabbits in 
doses of 0.5 to 0.75 mgm./kgm. by any route. The author suggests that such 
simple fluorine substituted organic acids may be cheap and useful poisons and 
insecticides. 
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Although Roth (1) noted the effects of certain barbiturates on the excised 
hearts of elasmobranchs, and Johnston (2) also studied the effects of some mem- 
bers of this group on the excised hearts of terrapin, no one seems to have made 
an extensive comparative study of the effects of the barbiturates on the excised 
hearts of frogs. To make such a study these e.xperiments n-ere undertaken. 

Method. Large frogs of the species Rana pipiens were used. Tlie animals were pithed 
and the heart exposed. By cutting a small opening into the left aorta, the tip of a modified 
Straub cannula was passed through the conus arleriosis (Bulbus cordis) into the ventricle. 
The cannula was securely fixed by a ligature around the aorta. The ventricle was then 
excised with the sinus venosus and auricles still attached to it and the whole suspended 
from an upright iron stand by means of the Straub cannula held in place by a clamp. The 
apex of the heart was connected to a light muscle lever. Changes in activity of the heart 
were recorded on the surface of a smoked drum. A chronographic marking key was placed 
directly beneath the tip of the writing lever. 

The outer surface of the heart was kept moist by dropping Ringer’s solution on it. This 
solution was the same as that used in perfusing the heart. The pressure within the ventri- 
cle was 2 cm. water pressure. Sodium salts of the barbiturates were dissolved in Ringer's 
solution which were made up fresh for each experiment. By means of a pipette the Straub 
cannula and ventricle could be emptied when desired and the control solution replaced 
by another of Ringer’s-barbiturate solution and vice versa. After each test of the effect of 
a barbiturate solution had been made the heart was bathed and perfused with Ringer’s 
solution and as soon as it had recovered a solution of higher or lower concentration of the 
same barbiturate or of a different barbiturate was tested on the same organ. 

Restilts. All of the barbiturates act qualitatively similarly but quanti- 
tatively differently upon the excised frog’s heart. In figure 1 can be seen the 
relative effects of the sodium salts of amytal, butisol, vinbarbital, evipal and pen- 
tobarbital upon the same heart and in figure 2 the comparative effects of butisol, 
vinbarbital and seconal are shown on another heart. In these experiments 1/500 
molar solutions were used. As these figures show the quantitative effects of 
butisol, vinbarbital and evipal are similar, however, the depressant effects of 
amytal and pentobarbital are more marked. With amytal not only the height 
of the contractions but the rate also was definitely influenced. Solutions of 
seconal (figure 2 at 3) and ortal usually caused complete stoppage of the heart. 
If the heart is not exposed for too long a time to these toxic concentrations com- 
plete recovery occurs. 

In tables 1 and 2 are collected the results of 388 experiments in which different 
concentrations of the barbiturates were tested on 64 e.xcised frog hearts. In 

' This research was made possible through a grant by the McNeil Laboratories for research 
in Science. 
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table 1 the relative effects of the barbiturates on the height of the ventricular 
contraction are presented and in table 2 are the effects on the ventricular rate. 

From these results it seems possible to di^•ide the barbiturates studied into 
three groups, 1) those with marked cardiac depression; ortal and seconal, 2) 
those with moderate depression; amj'tal, pentobarbital and neonal and 3) 
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TABLE 1 

Effects of the sodium salts of the barbiturates upon the height of 
contraction of the excised frog’s ventricle 

Three-hundred-eighty-eight experiments were performed upon 64 hearts. The barbitu- 
rates are arranged in a decreasing order of their efficiency. — indicated no effect; — t- the 
height of contractions decreased by less than 50 per cent; -i — the height of contractions 
decreased by 50 per cent or more; -h complete stoppage of the heart. 
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TABLE 2 

Effects of the sodium salts of the barbiturates upon the rate of 
contraction of the isolated frog heart 

Sixty-four hearts were used for 388 experiments. The barbiturates are arranged in 
decreasing order of their efficiency in sloning the heart. — no effect; —-f- heart slowed by 
less than 50 per cent; -f— slowing of the heart was 50 per cent or more; + stoppage of the 
heart. 



sumsiary and conclusions 

1 . All of the barbiturates studied depress the activity of the axcised frog heart 
but they vary in the degree of this cITect. 
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2. A given concentration of one barbiturate such as ortal sodium or seconal 
sodium may cause complete stoppage of the heart whereas the same concentration 
of another barbiturate such as barbital, vinbarbital, evipal, butisol or pheno- 
barbital may produce no niticeable change in either the rate or the height of 
contractions. 

3, Barbiturates can be grouped according to their toxic actions on the heart 
muscle. 

The barbiturates used in this investigation were generously supplied to us by 
the following firms: Parke Davis and Company, Ortal sodium; Eli Lilly and 
Company, Seconal sodium, Amytal sodium; Abbott Laboratories, Neonal; 
Winthrop Chemical Company Inc., Evipal sodium; Sharp and Dohme Co., 
Delvinal sodium; and McNeil Chemical Company, Butisol sodium and Pento- 
barbital sodium. 
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During a search for compounds possessing an timalarial activity, Dr. Mosettig 
and coworkers prepared a series of aromatic amino alcohols (1) which proved to be 
effective antimalarials (2) with varying degrees of toxicity (11). Two of these 
compounds were investigated pharmacologically (unpublidied experiments) and 
found to be hypotensive, to potentiate the action of nicotine and to have a pilo- 
motor effect in dogs. Clinically one of these drugs caused a bradycardia, pilo- 
motor activity and inability to relax the sphincter muscles controlling micturition 
(2). All of these autonomic effects pointed to a possible cholinergic action by the 
amino alcohols and consequently the compounds were tested for their effect on 
the activity of cholinesterase. Some of them were found to be extremely potent 
inhibitors of plasma cholinesterase, comparable to prostigmine, but much weaker 
as inhibitors of the esterase in red blood cells. The relationship between chemical 
structure and this inhibitory activity was investigated and an attempt made to 
correlate the degree of inhibition with toxicity and antimalarial activity. 

Method. The inhibition of cholinesterase was determined by measurements of the rate 
of hydrolysis of acetylcholine using the method introduced by Ammon (3) . This method 
depends on the reaction of the liberated acetic acid with bicarbonate, resulting in an evolu- 
tion of COi which was measured manometrically, using Barcroft differential manometers. 
The acetylcholine iodide (25 mgm.) was dissolved in 5 ml. of a bicarbonate buffered phys- 
iological salt solution (4) and 0.5 ml. delivered into the sidearm of the reaction flask. 
The plasma or laked red blood cells were placed in the main compartment of the flask, the 
drug added and the total volume of fluid brought to 3 ml. by addition of the bicarbonate 
solution. The manometers were then placed in the water-bath at 37'’C. and flushed out with 
a mixture of 95 per cent N- and 5 per cent CO* previous to closing the stopcocks. After a 
period of 5 minutes to assure equilibrium the first reading was made and the contents of the 
sidearm were tipped into the main compartment. The second reading was made five 
minutes after tipping and subsequent readings were made at ten minute intervals. The 
initial rate was taken as the average rate (al/min.) during the first ten minute interval. 

Human blood plasma and red blood cells were used. The blood (approximately 25 ml.) 
was drawn from the cubital vein into a flask containing 0.4 ml. of 30 per cent sodium citrate 
and centrifuged at once. The red cells were washed four times with 0.9 per cent NaCl and 
then brought to a volume of 50 ml. with distilled water. Both the plasma and the hemo- 
lyred cells were stored at 2°C. at which temperature they retained full cholinesterase 
activity Cot at least four months. The amount of red cells or plasma added to the flask 
varied between 0,7 ml. and 0 9 ml. depending on the activity of the sample of blood drawn. 
The plasma was diluted to five per cent and the red cells to one per cent before addition to 
the manometer flasks. The cnxyme from the two sources showed almost identical activity 
at these dilutions under the experimental conditions outlined. 


' The work described in this paper was done under a transfer of funds, recommended by 
the Committee on Medical Research, from the Office of Scientific Research and Develop- 
ment to the National Institute of He.alth. 
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The drugs were furnished as hydrochloride salts by Dr. E. Mosettig and Dr. E. L. May of 
the National Institute of Health. With few e.xceptions the chemist’s analytical samples 
were used to insure the purity of the preparation. Because the compounds, with the ex- 
ception of the dimethylamino, diethylamino and dipropylamino alcohols, were relatively 
insoluble in water it was necessary to make all the initial dilutions in ethyl alcohol. The 
final dilutions were made with wafer so that the concentration of alcohol was 20 per cent 
or less. The concentration of the drug was so adjusted that approximately 0.1 ml, of the 
final dilution was added to the manometer flask. Since alcohol itself has a slight inhibiting 
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Fig. 1. The Rate of Hydbolvsis of Acettechoune (0.003M) at Diffehekt 
CONCENTHATIONS OF HUMAN PLASMA OB HeMOLYEZD Rbd BlOOD CelLS 
Abscissae represent milliliters of five per cent plasma or one per cent red blood cells (R.B .0.) 

effect on cholinesterase, a control was run with each set of determinations containing the 
same amount of alcohol as w’as added with the drug. The inhibition by the drug was calcu- 
lated as a per cent of this control value. 

Results. It was necessary to keep the concentration of acetylcholine rather 
low to avoid the inhibition due to excess substrate (5) when red blood cells were 
used as the source of enzyme. Having established that a concentration of 0.003M 
acetjdcholine was optimal for the red cell enzyme it was then necessary to show 
that the hydroly’sis was directly proportional to the amount of enzyme at this 
concentration. Figure 1 shows that there is such a relationship for both cells and 
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plasma. Each new sample of blood ivas tested as indicated in figure 1 but the 
data plotted represent only the samples that showed the widest variation in 
activity. 

Table 1 shons the percentage inhibition of acthdty of human plasma cholin- 
esterase in the presence of the amino alcohols indicated in the first column. The 
second column gives the drug number assigned by the Malarial Survey of the 
Xational Research Council and the third column the average rate of hydrolysis 
as fil of CO; per min. in the absence of drug. The next seven columns give the 
average percentage inhibition found at the concentration of drug indicated at the 
head of each column. The next to the last colunm gives the dose of the drug 
nhich, administered orally twice daily to eight doses, just allons one week old 
chicks to maintain their own v eight. The data for this column were obtained 
from Dr. N . B. Eddy of this laboratory. The last colunm gives the dose of the 
drug which reduces parasitemia in the chick to twenty five per cent or less that of 
the controls. These data were obtained from Dr. G. Robert Coatney and Dr. 
IV. Clark Cooper of this laboratory'. 

The first nine compounds of Table 1 constitute a series of phenanthrene-9- 
amino alcohols ^vith the progressively increasing dialkyl amino group 
-X(CnHiE+i)t. The data for these compounds are plotted in figure 2A as per 
cent inhibition against drug concentration. The degree of inhibition increases 
from the dimethylamino to the dipropydamino derivative and then decreases 
rapidly'. The dioctylamino and dinonylamino alcohols do not inhibit the en- 
zyme at the concentrations tested. Plotting the per cent inhibition at 5X 10“’^ 
molar concentration of the drug against the number of aUcyl carbons (fig. 3A) 
shows clearly' that the inhibition passes through a maximum with propyl substitu- 
tion. 

In the analogous series of the tetrahydrophenanthrene-9-amino alcohols, com- 
priring ten members (table 1), the inhibition again increases from the dimethyl- 
amino to the dipropylamino derivative and then decreases to zero with the higher 
members of the series (figure 2B). Pigure 3A shows this progression when the 
inhibition at 5 X 10~^ molar concentration is plotted against the number of car- 
bons in the alkyl group. The course of this curve is the same as was foimd for 
the non-hydrogenated phenanthrene derivatives but individually the tetrahydro- 
phenanthrene derivatives are less active inhibitors than the corresponding 
phenanthrene analogs. 

Replacing the diamylamino group in 1796 with a di-isoamylamino group 
( 3956) results in an increase in inhibition (figure 4). This change in inhibition 
is in the same direction, though not so pronounced, as is effected by the replace- 
ment of the diamylamino group by the dibuty'lamino group ( ^ 1795). In both 
cases the carbon chains of the alkyl group have been shortened. Conversion of 
the tertiary di-iso-amylamino group (^f3956) to the secondary isoamylamino 
group ( 5921) produced a further increase in the inhibition of the enzy'me. 

That the hydroxyl group on the side chain contnbutes to the actirity of the 
compounds as inhibitors of plasma cholinesterase can be seen by' comparing the 
results obtained with compound 1796 with <.11580, <SS45and <'2673 (table 
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TABLE 1 


The percentage inhibition of the cholinesterase in human plasma by phenanlhrene 
and teirahydrophenanthrene amino alcohols 


COMPOUND 

sn: 

cov- 

TSOL 

22.4 

DEtrCCONC. X 

1 Il.J 1 S.?S j 5.6 4.4S 1 3 24 

jl.l3 
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% 
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H 

m 

% 


«. mn/s 
tgm. 

P-9-CH0HCH5N(CH,)5. . .. 

1776 

1.95 

78 

62 




26 



0.17 

p-9-CHOHCH!N(C,Ht)5 . . .. 

1777 

1.95 

93 


so 


70 

45 

23 

0.34 

0.14 

P-9-CHOHCH.N (CsH 7 ) : 

1778 

2.02 

91 

87 

87 


72 

so 

28 

0.84 

0.21 

P-9-CH0HCH7NCC4H,)5 

1779 

2.03 

88 

85 

82 


64 

41 

26 

0.65 

0.13 

P-9-CHOHCHjN(CjH„)5 

5242 

2.01 

64 

42 


27 


12 


0.73 

0.15 

P-9-CHOHCH2N(C.H„)s 

5480 

2.02 

23 

13 


5 


0 


1.36 

0.14 

P-9-CHOHCHjN(C7H,s)2. 

CS27 

2.01 

10 







1.06 

0.034 

P-9-CHOHCH5N(C5H.,)s 

6S2S 

1.98 

2 







1.4 

0.064 

P-9-CH0HCH2N(C,H„)... . 

8867 

1.88 

0 







1.9 

0.060 

-6-Cl 












P-9-CH0HCH,N(C,H,5), .. 

9160 

1.84 

1 

0 






1.2 

0.031 

p-9-CHsCHOHCH.H(C<H,), 

13666 

1.83 

89 

9) 


86 


74 

80 

0.5 


P-9-CHsCHOHCH:N(C5Hu)2. 

13669 

1.88 

87 

88 


69 


46 

30 

0.35 


thp-9.CHOHCH7N(CH,), 

1792 

1.95 

61 

46 


28 


13 


0.49 

0.49 

thp-9-CHOHCH5N<C2Hs)2 . . 

1793 

2.08 

84 

79 


61 


28 


O.IS 

0.12 

thp-9-CHOHCH,N(C,H,), . . 

1794 

2.03 

84 

78 


58 


33 


0.43 

0.14 

thp-9-CHOHCH!N(C,H,)j. 

1795 

1.98 

77 

65 


46 


24 


0.77 

0.26 

thp-9-CHOHCH.N(CsH„)j 

1796 

1.86 

40 

25 


14 




1.2 

0.15 

thp-9-CHOHCH,N(CjH.j). 

5478 

2.08 

15 

10 






0.89 

O.II 

thp-9-CHOHCHjN{C,H.5)7 

3957 

2.08 

6 

0 






1.05 

0.07 

thp-9-CHOHCH,N(CsHi,)7 

3516 

1.89 

0 

0 
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0.06 

thp-g-CHOHCHjN(CsH„). 

5241 

1.80 

5 

0 






1.9 

0.12 

thp-9-CHOHCHjN(C.oH.,)i. 

5866 

1.77 

1 

0 






1.8 


thp-g-CHOHCHjNO-aH..)! 

3956 

2.00 

61 

45 


30 


a 


0.72 

0.15 

thp-9-CHOHCnjNH{i-CiH„) 

5921 

1.86 

82 

73 


59 

58 

32 


0.35 

0.14 

thp-9-CHClCH,N (CjH,,), 

8845 

2.11 

21 

12 


7 




0.57 

0.14 

thp-9-CH2CH,X{C5H..)7 

115S0 

1.94 

31 

15 

13 

6 


4 


0.11 


thp-9-COCH2N(CsH„). 

2673 

1.80 

25 

11 






0.48 


thp-g-CHjCHOHCH.N 

12984 

1.97 

89 

89 


79 


52 


0.29 


P-3-CHOHCH.NH, , . . 

10909 

i.74 

s 

1 


3 




0.55 


P-3-CHOHCH.N(CH7)j 

18275 

2.13 

27 

15 


6 


8 




p-3-CHOHCHjN(C.Hi). 

1764 

2.10 

71 

55 


30 


12 


0.60 

0.76 

p-3-CHOHCH,N(C,H,). . 

1766 

2.06 

90 

82 


72 

67 

47 

33 

1.40 

0.56 

p-3-CHOHCH:N(C.H,)j 

1767 

1.84 

85 

63 


52 


28 


1.30 

0.52 

p-3-CHOHCH7N(CsH„)t . 

1768 

1.90 

41 

27 


14 




0.72 

0.36 

P- 3 -CHOHCH 7 N (C,H,OH), 

1765 

1. 86 

25 

16 


11 
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8978 

1.96 

23 

15 


12 
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0.06 

-6-OH 












p-3-CHOHCHjN(C.Hi), . . . 

2662 

1.83 

24 
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TABLE 1 — Continued 
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% 
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% 
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p-2-CHOHCH,N (CjHsls 

1826§ 

2.00 

68 

54 


31 


12 




p-2-CHOHCHjN(C,H,). 

2666 

1.96 

76 

67 


46 


1 31 


0.56 

0.56 

P-2-CHOHCHjN(C4H,)s 

2668 

1 92 

53 

34 


22 




0.65 

■HUM 

P-2-CH0HCH,N(C5H„), 

9,10-H2P-2- 

5937 ' 

1.95 

29 

16 

1 





0.92 


CHOHCHjNfCiHdi 

1786 1 

1 

I 95 

52 

36 

H 

24 

1 



0.45 

i 

-4-Cl 





H 







Naphtha-I- 

CHOHCHjN(C,H,): 

Naphtha-1- 

5243 

1.97 

48 

32 * 

1 

23 



i 

0.81 

0.17 

CHOHCH,CH,N(C<Hi)j . 

6816 

1 96 

74 : 

66 

1 

48 


25 


0.29 



* Tolerated dose for chicks (see text). 

t Therapeutic dose for chicks (see text). 

t SN represents the identification number assigned to the drugs by the Malaria Survey 
Office of the National Research Council. 

§ Numbers assigned in this laboratory. 

p and thp represent phenanthrene and tetrahydrophenanthrene respectively. 

1, figure 4). Reduction of the alcoholic group to the methylene group, oxidation 
to the keto group or replacement of the hydroxyl by chlorine all decreased the 
inhibitory activity. 

Compounds of the general formula p-CHcCHOHCHcNRi are more active 
inhibitors of the plasma esterase than those of the formula p-CHOHCHjNRi. 
This is evident from a comparison of compounds 13666, # 13669 and H 12984 
"ith their respective analogs JSJ1779, #5242 and id 1793 (table 1). Compound 
il* 13666 is in fact the most potent inhibitor of the phenanthrene derivatives 
tested, inactivating 50 per cent of the enzjme at a concentration of 0.6 X 10~^ 
molar. 

^^'hen amino alcohol side chain is on the 3 position of the phenanthrene nucleus 
the compound is still an active inhibitor of the plasma cholinesterase but less so 
than the analogous 9 substituted compound. This is shown by comparison of 
compounds iff 10909 through ^1768 with compounds if? 1776 through if? 5242 
(table 1 ). The inhibition again passes through a maximum with propyl substitu- 
tion (figures 2C and 3B). 

Conversion of the diethylamino group of compound i^ 1764 to a diethanolamino 
poup as in ^ 1765 reduces the inhibition more than one half. A similar reduc- 
tion is affected by replacing the 6-carbon hydrogen of the nucleus with an hy- 
droxji group ( 1764 and ^f2002). Replacing the same hydrogen with chlorine 
also reduces the inhibition as is shown by comparison of H 1768 with )f? 8978. 
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Table 1 also contains data obtained on the inhibition of plasma cholinesterase 
by phenanthrene-2-ainino alcohols ( jj! 1826 through ^ 5937). While these com- 
pounds are less active inhibitors of the ensyme than the analogous compomids of 
the phenanthrene-3 or phenanthrene-9 series (figure 2D) they do show the same 
change in inhibitory activity with increasing length of the alkyl groups, pas^g 
through a maximum with the propylamino compound (figvrre 3B). Comparison 



DRUG CONCCNTRATION-M xro’ 

Fig. 2. The Pek Cent Inhibition op Homan Pe.asma CHOLiNESTEftASE bt Phbnanthrene 

Amino Aecobols 

The BUmbei oJ carbonB of the alkyl group on the nitrogen is indicated for each curve 

of the results obtained with drug 1826 and (Sf 1786 shows that removal of the 9, 
10 double bond by hydrogenation reduces the inhibition. 

The last two compounds of table 1 are naphthalene derivatives. The data for 
these compounds diow that the phenanthrene nucleus is not essential for the 
inhibition of the enzjune. Since the substituents on the naphthalene nucleus are 
not the same as any on the phenanthrene nucleus a direct comparison of their 
potency as inhibitors is not possible. 

The phenanthrene and tetrahydrophenanthrene amino alcohols also inhibit 
the cholinesterase of human red cells (table 2) but the concentrations required 
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are of the order of lO"* molar as compared rvith 10“’ molar for the plasma enzyme. 
Inspection of the data of table 2 as plotted in figure 5 shows that the inhibition by 
the propyl-, butyl- and amylamino derivatives reaches a limiting value ■with in- 
creasing concentration. This is due to the low solubility of these compounds in 
the bicarbonate solution. The point at which the cun’es break sharply approxi- 
mates the maximum solubility of the compound. This factor of solubility limits 
the comparison of the potency of the compounds to a concentration below the 
maximum solubility of the least soluble member of the series. Comparison ■was 
consequently made at 1 X 10“® molar (figure 6). At this concentration the tetra- 



Tig. 3 The Variatiov in the Inhibition of Hchan Plassia Chounesterase bi' 
Phenanthre-ne .\mino Aecouoes as a Penction of the NmiBER OF Carbons 
OF THE Aektl Group on the Nitrogen 

hydrophenanthrene derivatives are more active inhibitors than the phenanthrene 
derivatives, in contrast with the results obtained with the enzyme in plasma. 
Furthermore the inhibition increases with the size of the dialkylamino group up 
to the diamylamino compound. It was not possible to make measurements ■with 
the higher homologs because of their insolubility. 

At the loner concentrations, where the factor of solubility' does not interfere, 
the isoamyl derivative of tetrahydrophenanthrene ( % 5921) is a less effective 
inhibitor of the red cell enzyme than the amyl derivative ( fi, 1796). The pro- 
panolamino compound ( j? 12984) is a less effective inhibitor of the red cell enzynne 
than the cthanolamino compound ( a 1793). With both these pairs the change in 
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effectiveness is in the opposite direction to that found when the plasma enzyme 
was used. 

Drug ^1796 is effective in the therapy of clinical malaria (2). Blood' was 
taken from 17 of the patients, before and during the administration of the drug, 
and tested for cholinesterase activity. In all but two cases there was a definite 
decrease in the enzymic activity after the administration of the drug. Typical 
results obtained, using 0.025 ml. of defibrinated whole blood, are plotted in figure 



5 10 IS ZO 25 

DRUG concentration - M X 10 ^ 

Fig. 4. The Variatiox in Inhibition op Homan Plasma Cholinesterase with 
CHE.\ ncAL Strocture 

The number on each curve is the drug number given in table 1. For explanation see text. 

7. All of the patients received 0.32 grams of § 1796 three times per day for eight 
to ten days as indicated by the arrows on the graph. This dosage schedule was 
repeated on patients Yo and Se starting on the forty-tliird and thirty-ninth day 
respective!}-. Patient Dr received 0.1 gram of atabrine three times a day for 
seven days starting on the forty-second day. Patient Ma received no further 
medication after the initial treatment with ^ 1796. Tlie cholinesterase activity 

* Thanks are extended to JCss Marie Gilson, Medical Technician, for drawing the blood 
for these experiments. 
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of the blood from all four patients fell to approximately two thirds of the premedi- 
cation value during the first administration of the drug. The return toward 
normal was slow after withdrarving the drug, reaching the normal value after 
fifteen days in only one of the patients (Dr). The data presented in figure 7 
suffer from lack of adequate controls since the effect of the malaria itself on the 
activity of blood cholinesterase is not known. 

Discussion. The original stimulus for this investigation was the possibility 
that a positive correlation might exist between cholinesterase inhibition and the 
antimalarial action of drugs, a possibility also considered by Waelsch and Nach- 
mansohn (6). This would have led to a method of screening compounds for 

TABLE 2 


The percentage inhibition of the cholinesterase in human red blood cells by 
phenanthrene and letrahydrophenanthrene amino alcohols 
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p-g-CHOHCHsNfCH,), 

1776 

1.92 

34 

29 
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p-9-CHOHCH,N(C,H0i 

1777 

1.98 

44 

39 


28 
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p-9-CHOHCHjN(C,H,), 

1778 

1.96 

42 

43 
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P-9-CHOHCH,K(C.HOj 

1779 

1.93 






33 

34 

33 


24 
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P-9.CHOHCH5N(CsH„)j 

5242 

1.92 







22 

23 


22 


18 

11 

6 

thp-9-CHOHCH.N (CH.ls 

1792 

1 89 

50 

44 




15 
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tbp-9-CHOHCH,lS[ fCjHOa 

1793 

1.93 

89 


84 

78 

63 

52 

34 

28 

15 






thp-g.CHOHCH,'N(C,H,b 

1794 

1.88 

72 

72 


72 


72 


57 


36 

22 




thp-9-CHOHCHjN(C,H,b 

1795 

1.97 






37 

43 



39 

36 

21 
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thp-Q-CHOHCHjNfCiH.,), 

1796 

1.95 










23 

27 

27 

19 

10 

thp.9.CHOHCH,NH(i-CjHu) 

5921 

1.81 







69 

63 


39 

25 

13 



tlip.9.CH,CHOHCH,N{C,H0i 

12984 

1.89 

80 

74 


58 


35 


i 








* SN reprcBcnts the identification number assigned to the drugs by the Malaria Survey 
Office of the Kational Research Council. 

p and thp represent phenanthrene and tetrahydrophenanthrene respectively. 


therapeutical testing. There is no such relationship between the inhibition of 
human plasma cholinesterase and antimalarial activity in the chick (table 1) and 
probably not in man since drugs S1796 and if! 5241 are equally effective anti- 
malarials as judged by the oral dose required to suppress parasitemia (2). Since 
the inhibition of the human red cell enzyme increases with the size of the dialkyl- 
amino group up to the amylamino compounds (table 2, figure G) without a corres- 
ponding increase in therapeutic acitivity, it can also be concluded that the inhi- 
bition of the enzyme from this source is not correlated with the antimalarial effect. 

A casual e.xamination of table 1 might lead to the conclusion that a positive cor- 
relation exists between the inhibition of the plasma enzyme and the toxicitj' of the 
aniino atcohold listed there. However, a closer examination of pairs of com- 
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pounds, chosen to avoid complicating factors such as solubility, readily shows 
that no prediction can be made as to the tolerated dose in the chick from the data 
on the inhibition of the enzyme. The data do not preclude the possibility of a 



DRUG CONC.ENTRAT(ON MXIO^ 

Fig. 5. The Per Cent Inhibition of Human Red Blood Cell Cholinestebasb bt 
Pbenanthrene Amino Alcohols 

The drug number (table 2) and the number of carbons of the alkyl group is given for each 

curve. 

close relationship between some toxic symptoms of antimalarials, such as gastro- 
intestinal and central nervous system disturbances, and their inhibitory effect on 
cholinesterase. 

Alles and Hawes (5) found that the cholinesterase of the red blood cells differs 
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number of carbons 

Fig. 6. The Variation’ in the Inhibition op Human Red Blood Cell 
Cholinesterase bt Phenanthrene Amino Alcohols as a Function 

OF THE XuMBER OF C ARSONS OF THE ALKYL GROUP 




DAYS 

w”*" IN' THE ClIOLlMSTERASE AcTIMTI OF THE WlIOLB BlOOD 

From Malarial Patients after Administration of Drug S1796 (Table 1) 
Daily doses Rcre started at arrows pointing up and stopped at arroRS pointing down. 
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from that in the serum in being inhibited b 3 '^ an excess of substrate. This has 
been confirmed bj’' other workers (7, 8). Mendel, Mundell and Riidnej' (9) 
claim that the two types of enzjmie can be quantitative!}' estimated by the use of 
acetyl-(S-methylcholine and benzoylcholine as substrates but this has been ques- 
tioned (10). The relative sensitivity of the enzyme from the two sources to in- 
hibition bj' the amino alcohols (tables 1 and 2) is further proof of their dissimilar- 
itj'. Some of the compounds listed in table 1, for e.xample, ^ 1778 and jfl 12984, 
e.xhibit their maximum inhibitor}' effect on the plasma enzyme at 10~® molar but 
require ten times this concentration to appreciably inhibit the red cell enzyme. 
These compounds might therefore be used as a means of determining the type of 
cholinesterase or of separating the two esterase activities where they exist in the 
same tissue. On this basis appro.ximately ten per cent of the cholinesterase ac- 
tivity of human plasma is due to the type of enz}'me found in red cells (table 1). 
Quinidine has been found to inhibit the enzymes from the two sources at concen- 
trations comparable to compounds # 1778 and 12984 and is more readily 
available. 

STOtMARY 

Phenanthrene amino alcohols were found to be very effective inhibitors of the 
cholinesterase of human blood plasma. The inhibition of the enzyme is related 
to the size of the dialkylamino group, passing through a maximum with the dipro- 
pylamino derivative in each of four homologous series. The inhibition of the 
plasma enzyme is decreased by hydrogenation, chlorination or hydro.xylation of 
the phenanthrene nucleus, by replacement of the alcoholic hydro.xyl group or by 
shifting the alkamine side chain from the 9 to the 3 or to the 2 position of the 
phenanthrene nucleus. Propanolamino compounds are more effective inhibitors 
of the plasma enzyme than their ethanolamino anologs. 

Much higher concentrations of the phenanthrene amino alcohols are required 
to inhibit the red cell enzyme than the plasma enz}me. This offers a possible 
means of identifying or separating the two types of enzymic activity. Chemical 
changes that increase the inhibition of the plasma enzyme decrease the inhibition 
of the red cell enzyme. 

Neither antimalarial activity in the chick nor the dose tolerated by the chick 
are correlated with the inhibition of cholinesterase by the phenanthrene amino 
alcohols. 
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Recently tLe histamine-antagonizing and anaphylaxis-protecting actions dem- 
onstrated in these laboratories (2, 3) for dimethylaminoethyl benzhydryl ether 
hydrochloride (1), have shown evidence of considerable and unique clinical use- 
fulness in various allergic states (4-10). Pursuing the possibility of improvement 
in potency and therapeutic range, Rieveschl (1) has continued the synthesis of 
related compounds. 

It is the purpose of this report to give some preliminary data on certain of these 
compounds: new salts of the same base which appear to be histaminolytics as 
’potent, as the b.ydrcic,bicsi.de wdtb. a suggestion of lesser toacity , and csiatemary 
ammonium salts -n'hich show an interesting degree of atropine-like action in addi- 
tion to histaminolytic potency. 

Data on certain reference drugs are included for comparison, to represent a 
range of antispasmodic actions from predominantly “myotropic” to predomi- 
nantly “neurotropic” or histaminolytic. 

The abilities of the compounds to prevent fatal histamine shock in guinea pigs 
when injected intraperitoneally 15 minutes before the test were determined by an 
adaptation of the histamine-aerosol technique (for references, see Halpern (11) ) 
used in this laboratory by Loew et al (2). The dose which protects 50 per cent of 
animals at an histamine exposure fatal to 95 per cent of all concurrent control 
animals is estimated on log. dose-probit charts (12). This differs from the pre- 
Hous practice of attempting quantitative estimates based on minimal statisti- 
cally significant protections against death (2), wherein only partial quantitative 
use is made of the data and at which levels of effect statistical precision is loiv. 

The abilities of the compounds to prevent in idtro spasms of guinea-pig ileal 
strips elicited with barium chloride, acetylcholine or histamine, -were determined 
by adding varying amounts to the Magnus muscle bath one minute before addi- 
tion of the spasmogenic agent and recording the resultmg percentage reduction 
of a pre-determined standard spasm (cf. Staub (13) ). A modified aerated Ty- 
rode’s solution was used. The regressions on log. dose of percentage reductions 
of spasm were studied by analysis of covariance (14, 15). Data from doses ob- 
viously outside the range of linear regression were excluded from the analj'sis. 
Since m the total of 944 remaining trials the mean reduction of spasm was 69.2 
per cent, w e have tabulated the doses forecast from the regressions for a standard 
70 per cent spo-sm reduction in order to minimize the average error in comparison 

' "Benadryl*’ is a trade name for dimcthylaTninocthyl benzhydryl ether hydrochloride. 
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from that in the seram in being inhibited by an excess of substrate. This has 
been confirmed bj' other workers (7, 8). Mendel, iMundell and Rudney (9) 
claim that the two types of enz^Tne can be quantitatively estimated bj’’ the use of 
acetyl-^-methyloholine and benzoylcholine as substrates but this has been ques- 
tioned (10). The relative sensitivity of the enzjnne from the two sources to in- 
hibition by the amino alcohols (tables 1 and 2) is further proof of their dissimilar- 
ity. Some of the compounds listed in table I, for example, S 1778 and iSf 12984, 
exhibit their maximum inhibitory effect on the plasma enzyme at 10“® molar but 
require ten times this concentration to appreciably inhibit the red cell enzyme. 
These compounds might therefore be used as a means of determining the type of 
cholinesterase or of separating the two esterase actmties where they exist in the 
same tissue. On this basis approximately ten per cent of the cholinesterase ac- 
tivity of human plasma is due to the type of enzyme found in red cells (table 1). 
Quinidine has been found to inhibit the enzymes from the two sources at concen- 
trations comparable to compounds iSfl778 and 12984 and is more readily 
available. 

suMM.^nv 

Phenanthrene anaino alcohols were found to be very effective inhibitors of the 
cholinesterase of human blood plasma. The inhibition of the enzyme is related 
to the size of the dialkylamino group, passing through a maximum %vith the dipro- 
pylamino derivative in each of four homologous series. The inhibition of the 
plasma enzyme is decreased by hydrogenation, chlorination or hydroxylation of 
the phenanthrene nucleus, by replacement of the alcoholic hj’droxyl group or by 
shifting the alkamine side chain from the 9 to the 3 or to the 2 position of the 
phenanthrene nucleus. Propanolamino compounds are more effective inhibitors 
of the plasma enz 3 'me than their ethanolamino anologs. 

Much higher concentrations of the phenanthrene amino alcohols are required 
to inhibit the red cell enzyme than the plasma enzjme. This offers a possible 
means of identifying or separating the two types of enzymic activity. Chemical 
changes that increase the inhibition of the plasma enzyme decrease the inhibition 
of the red cell enzyme. 

Neither antimalarial activity in the chick nor the dose tolerated by the chick 
are correlated with the inhibition of cholinesterase by the phenanthrene amino 
alcohols. 
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Recently the histamine-antagonizing and anaphylaxis-protecting actions dem- 
onstrated in these laboratories (2, 3) for dimethylaminoetbyl benzhydryl ether 
hj'drochloride (1), have shown etddence of considerable and unique clinical use- 
fulness in various aller^c states (4-10). Pursuing the possibility of improvement 
in potency and therapeutic range, Rieveschl (1) has continued the sjmthesis of 
related compounds. 

It is the purpose of this report to give some preliminarj' data on certain of these 
compounds: new salts of the same base which appear to be histaminolytics as 
potent as the hydrochloride with a suggestion of lesser toxicity, and quaternary 
ammonium salts which show an interesting degree of atropine-hke action in addi- 
tion to lustaminolytic potency. 

Data on certain reference drugs are included for comparison, to represent a 
range of antispasmodic actions from predominantly “myotropic” to predomi- 
nantly "neurotropic” or lustaminolytic. 

The abilities of the compounds to prevent fatal histamine shock in guinea pigs 
when injected intraperitoneally la minutes before the test were determined by an 
adaptation of the histamine-aerosol technique (for references, see Halpem (11) ) 
used in this laboratory by Loew et al (2). The dose which protects 50 per cent of 
animals at an histamine exposure fatal to 95 per cent of all concurrent control 
animals is estimated on log. dose-probit charts (12). This differs from the pre- 
Mous practice of attempting quantitative estimates based on minimal statisti- 
cally significant protections against death (2), wherein only partial quantitative 
use is made of the data and at which levels of effect statistical precision is low. 

The abilities of the compounds to prevent in \dtro spasms of guinea-pig ileal 
strips elicited with barium chloride, acetylcholine or histamine, were determined 
by adding varying amounts to the Magnus muscle bath one minute before addi- 
tion of the spasmogenic agent and recording the resulting percentage reduction 
of a pre-determined standard spasm (cf. Staub (13) ). A modified aerated Ty- 
rode’s solution was used. The regressions on log. dose of percentage reductions 
of spasm were studied by analysis of covariance (14, 15). Data from doses ob- 
nously outside the range of linear regression were excluded from the analysis. 
Since in the total of 944 remaining trials the mean reduction of spasm was 69.2 
per cent, we have tabulated the doses forecast from the regressions for a standard 
70 per cent spasm reduction in order to minimize the average error in comparison 

' "Benadryl" is a trade name tor dimetbylaminoctbyl benzhydryl ether hydrochloride. 

121 



122 


WINDER, KAISER, ANDERSON AND GLASSCO 


of equivalent doses. It must be emphasized that in %dew of the use of a standard 
one-minute exposure of tlie intestinal strip to the compounds, these data represent 
a combination of speed of penetration to site of action uith intrinsic intensity of 
prophylactic action against spasm, which seems a fair meiisure of potency. 

Examination of the scattergrams of the 48 sets of data (16 compounds, 3 spasm 
types) revealed no evidence of non-linearity; indeed, cases of least scatter showed 
sharply a straight-line relation. The pooled correlation coefficients were 0.768 
with 270 degrees of freedom for acetylcholine, 0.598 with 239 d.f. for histamine, 
and 0.329 with 339 d.f. for BaClj, all very highly significant. Differences among 
these coefficients reflect our confirmation of the axperience of others with the 
relatively erratic nature of data with BaCb as compared with histamine and 
acetylcholine, particularly the latter. In terms of this Uncontrolled variability 
in the data, the log. dose-effect slopes for the 16 compounds against BaCb did not 
differ significantly (F = 1.50, with 15 and 339 degrees of freedom), so that the 
average regression (26.13 added per cent prevention of spasm per unit log. dose) 
was used as the best estimate for forecasting indi\idual “70% effective log. doses” 
(log. ED 7 o’s)against BaCU . In the case of the lustamitie data, slopes differed 
irith significance (5% level) when all 16 drugs were considered; but those for the 
nJayan with frmsjde.mUa h.b!fcun.iD£j>'l'j!? speeLQciiy ( 257 } jp ssd ad hea- 

zhydryl ethers) were statistically homogeneous (F = 1.21 with 10 and 94 d.f.), so 
that their average regression (50.71 per cent per unit log. dose) was used in fore- 
casting respective log. EDjo’s. In the case of acetylcholine, slopes of the 16 drugs 
differed more significantly (better than 1 % level), but those of the 10 ethers and 
Pavatrine constituted a homogeneous group (F = 1.11 with 10 and 215 d.f.), 
whose average regression (41.52 per eent per unit log.) was used in respective 
log. EDto estimates. In all other cases indhidually experienced regressions were 
honored. “Approximate” standard errors (16) of the log, ED 70 forecasts were 
computed for estimating “ 68 % fiducial limits”. 

Acute lethal toxicities were determined in white rats by the intraperitoneal route. 
Median letlial doses and their approximate standard errors were estimated 
graphically (12). Data on groups of the compounds were collected at different 
times from animals of different lots but of comparable size (100-150 grams). 

All doses are expressed as ^jgm. or mgm. of “Benadr 3 'r’ to facilitate molecule- 
for-molecule comparisons while retaining the advantages of per-weight potency 
expressions for “Benadryl”. Pharmacologically active equivalents of amino- 
phyllin and atropine sulfate were regarded as 0.5 M, even though the ethylene 
diamine of the former may possibly make some contribution to action. 

IlEeunTS AND DiscrssiON. Results are summarized in table 1. 

The in vitro potencies of aminophyllin are all so low as to make such data useful 
controls over the possibility of non-specific e.xplanations of the more striking re- 
sults. Its effectiveness in histamine shock in vivo, even though of relatively low 
order, seems out of line with its direct spasmolytic potencies if information may 
be tentativelj' transposed from the gut to bronchial musculature. One is in- 
clined to attribute its in vivo effectiveness to some action ntjt present witli relative 
significance among the other compounds listed (cf. Lelunaim and Young (17) ). 

In table 2 the various drugs have been arranged in average logarithmic orders 
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of significantly increasing in vitro molar potencies against the three spasmogenic 
agents. 

In prevention of BaClj spasm, commonly believed due to action close tothe 
fundamental “contractile mechanism”, the two synthetic esters Pavatrine and 
Trasentin are superior. The three salts of the tertiary Benadryl base (com- 
pounds 1-3) as a class are significantly less potent, while the various salts of the 
Benadryl quaternary bases (compounds 4-10) drop to the general class of 
papaverine. 

In preventing the acetylcholine spasm, atropine retains its classical superiority. 
Pavatrine is inferior to atropine with statistical reliability especially when its less 
steep log. dose-effect slope is considered. Interestingly, the two dimethyl ethyl 
benzhydryloxethyl ammonium salts (compounds 9 and 10) were not significantly 
less potent than Pavatrine, whereas the trimethyl ammonium compounds (com- 
pounds 4 to 8) as a class were somewhat less potent. The various salts of the 
Benadryl tertiary base (compounds 1 to 3) rvere significantly less potent than 
either Trasentin or Pavatrine wlren pitted against acetylcholine. 

In ability to prevent histamine spasm, the three salts of the tertiary Benadryl 
base did not differ significantly among themselves. The quaternary ammonium 
salts did not form a homogeneous potency group, but experienced differences are 
at present difficult to interpret. Some were as potent, some apparently less po- 
tent that the tertiary type. Non-specific anionic influences may be present. In 
general, both the tertiary and quaternary bases w ere far more potent than the 
diamine, 1571F. From the latter, "specificity” was progressively lost in passing 
through Pavatrine, Trasentin, atropine, papaverine and aminophyllin. 

The lack of correlation among anti-barium, anti-acetylcholine, and antihista- 
mine actions of these drugs is apparent. Not only atropine but also histamine 
may act more peripheral to the fundamental contractile mechanism than does the 
barium ion. First apparent in European studies of the Foumeau compounds 
e.g., 1571), it now seems emphatically fallacious to consider histamine stimulation 
as “myotropic” in the sense that barium stimulation is It seems, furthermore, 
imperative to consider different remote points of attack (“receptor substances”) 
for acetylcholine and histamine. Individualities of log. dose-effect regression 
coefficients of the drugs, as pitted against the three respective spasmogenic 
agents, bear interestingly on these points (cf. above). 

There is reasonably good correlation between in vitro and in vivo "anti-hista- 
mine" potencies of the drugs. However, some salts of the Benadryl quaternary 
bases appeared more potent in preventing systemic histamine shock than did 
those of the tertiarj’ type, without correspondingly superior in vitro potencies. 
T his is tentatively attributed to the greater atropine-like action of the quaternary’ 
compounds, effective against a cholinergic factor in histamine shock. Existence 
of such a factor, while controversial, is not without evidence (e.g., Frommel, 
Aron, Herschberg, Piquet and Goldfddcr (18) ). It is recognized, however, that 
differences in affinities among tisstres, or fundamental actions of the quaternary 
bases not yet known may contribute to their superior effectiveness against ^’s- 
tcmic histamine shock in tire gvrrnca pig. Actions at many other sites and in 
other species w ill need study. 
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t =b approximate staml'inl error. 

X Differences not statistically significant (5% level) ^\iUim any one bracket, by analysis of covariance. . 

§ Hypothetical forecast; experimental range did not actually extend to 70% prevention of spasm, 
llypothclical; spasmolytic regression appeared to fail, short of 70% prevention of spasm, dxic to emergence of an opposing action at about 1600 
;igm./IOO cc. 
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Certain relationships between chemical structure and action are illustrated. 
It is becoming increasingly apparent that two-carbon alkjdamines (first classical 
for adrenergic activators (19) ) are of piimary importance in physiology and 
pharmacology of the autonomic system and many other biological mechanisms. 
Among such compounds are included activators, blockers, and others which 
interfere with ensymatic attack on activators, in the adrenergic, cholinergic and 
histaminic biological systems. From this point of \'iew it is not too surprising to 

TABLE 2 

Drugs arranged in (flterage logarithmic) orders of significantlg increasing molar potencies 
(At 70% spasm reduction level) 


IK VITRO against: 


BaOs (lOtftsm.) 

Acetyl Cholme*Br (2 mSoi.) 

Histamine diphosphate 
(8 /»gro.) 

0.0 

Aminophyllin 

0.0 

Aminophyllin 

0.0 

Aminophyllin 

1.5 

1571 F 

1.9 

|'1571F 

(Papaverine 

2.1 

Papaverine 


[Papaverine 




[Atropine 

3.1 

< Atropine* 

3.7 

"Tertiary” ethers 

3.2 

1 Trasentin 


(“Quaternary” ethers 

3.9 

Trasentin 


(Pavatrine 

3.8 

“Tertiary” ethers 

4.5 

Trimethyl "quaternaries” 

3.7 

1571 F 

4.4 

(Trasentin 

(Pavatrine 

5.0 

(Dimethyl ethyl “quaternaries” 

4.6 

“Quaternaries” 



(Pavatrine 

5.1 

“Tertiaries” 



5.3 

Atropine 




* Hypothetical; actually not attained due to opposing action at higher doses. 


find classical borderlines of selectivity of action among the three sj-stems break- 
ing down in certain series of substituted ethylamines such as the present ones-’’. 
The resultant of influences of molecular structure at both ends of the 2-carbon 

- The 2-carbon bridge can be traced in such heterocyclic structures as arecoline with 
muscarinic action, naphthyl-(T)-methylimidazoline or Privine with “adrenergic” and 
“cholincrpc” actions (20), and certain Foumeau aiyloxethylamines and benzodio.vane- 
methyl amines (nitrogen to oxygen bridge) with actions in the histaminic and adrenergic 
systems. Certain well-known exceptions to the ethylene bridge occur where a cyclic 
structure is involved, as in atropine, pilocarpine, eserine and neostigmine. In such oases 
cyclization may provide the equivalent of an ethylene bridge. 

’ Since preparation of this paper a relevant discussion by Dawes (Brit. Med. J., 19-16, 
43) has come to our attention. The author paints out a tendency for parallelism among a) 
lengthening of auricular refractory period (quinidine-like action), b) local anesthetic 
action, and c) spasmolytic action among substituted ethylamines. The simultaneous 
possession of the latter two actions by many drugs has been known. An aromatic nucleus 
in opposition to the basic part of the molecule seems important. Whether the linkage be 
ester, ether or carbinol “does not seem to be of the first importance". 
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bridge appears to aid in determining the biological system affected and the quality 
of effect. So far as present information goes, in the adrenergic system an optimal 
circumstance of the aminoethyl chain appears to be extension or attachment to 
the aryl structure; in the histaminic system, attachment to a heterocjxlic struc- 
ture for activation or through an ether or N Imkageto an aryl (Foumeau's two 
original types) or aralkyl group for interference; in the cholinergic system, either 
ester or ether linkage, with quality and quantity of action influenced by the state 
of both molecular extremities. For example, loss of the cyclic tropine structure 
in the basic moiety of atropine usually results in compounds nrith markedly re- 
duced interfering action in the cholinergic system(but, according to the acidic 
moiety, commonly increased “myotropic” spasmol 3 rtic action as in the case of 
Trasentin or Pavatrine above and/or histaminolytic action as in certain cases 
studied by Lehmann and Ifnoefel (21) ) . When the acid part is changed slightly , 
as from the diphenylacetyl of Trasentin to the fluorene-9-carboxylate of Pava- 
trine (see above), remarkable strides can be made back toward atropine’s higher 
cholinergic-system potency (with maintenance or still further improvement of the 
presumably independent “myotropic” action). Starting again with Trasentin, if 
the carboxyl group with its ester linkage is replaced by an ether function and the 
'N-ethyl groups replaced by 'N-methyl, one has the “Benadryl” type nith still 
further reduction in cholinergic-system (and some relinquishing of “myotropic”) 
actions, but nith the remarkable appearance of high interfering potency in the 
histaminic system. Substitution of the N-ethyl groups of Trasentin by N-methyl 
accomplishes no such change in properties, but this substitution along mth change 
in type of linkage is essential for “Benadryl’s” high potency (2) and N-methyl 
substitution has also improved the Foumeau diamines as anti-lustamine agents 
(Halpem (11) ). Finally, conversion of “Benadr 3 d”, a tertiary’' amine, to tri- 
methyl quaternary salts (4 to 8 of the table) does not alter histaminic-system 
action to a remarkable degree but does restore anticholinergic action of these 
ethers almost to the degree that changes in the acidic moiety did in the ester series 
(cf.Pavatrinei's. Trasentin) and atthesametime still further reduces “myotropic” 
action. Substitution of one N-methyl group with ethyl (compounds 9 and 10) 
u as seen to proride additional atropine-like power. 

Within tlic general thesis of interactions of groups on an ethylamine in de- 
termining selectivity and quality of action among the adrenergic, chohnergic and 
histaminic systems, the present data also yield points of more specific theoretical 
interest. 

The mode of action of “Benadryl” appears to be a competitive blocking of 
histamine at the effector cell (22). Comparing the structure of “Benadiyl” with 
that of histamine, the 2-imidazole structure of the latter is replaced by a benzhy- 
dtyl ctiier group, and as the function of the nitrogen is changed from primary' to 
secondary and to tertiary (Benadryl), the histamine interference increases (2). 
Thus, in the presence of the benzhydryl ether group, as histamine-interference 
increases the function of the nitrogen progressively dmates from that in histamine. 
F rom tliis view it is not so surprising to find essential maintenance of interfering 
potency in passing on to the present quaternary amines. But now one crosses 
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Certain relationships between chemical structure and action are illustrated. 
It is becoming increasingly apparent that two-carbon alk 3 damines (first classical 
for adrenergic activators (19) ) are of primary importance in phj’siology and 
pharmacology of the autonomic system and many other biological mechanisms. 
Among such compounds are included activators, blockers, and others which 
interfere with enzymatic attack on activators, in the adrenergic, cholinergic and 
histaminic biological systems. From this point of -view it is not too surprising to 

TABLE 2 

Drugs arranged in {average logarithmic) orders of significantly increasing molar potencies 
(.At 70% spasm reduction level) 


IS viTiio against: 


BaCli (lOmgm.) 

Acetyl Choline*Br (2/igjn.) 

Histamine diphosphate 
(5 

0.0 

Aminophyllin 

0.0 

Aminophyllin 

0.0 

Aminophyllin 

1.5 

1571 F 

1.9 

(1571F 

(Papaverine 

2.1 

Papaverine 


[Papaverine 




[Atropine 

3.1 

< Atropine* 

3.7 

“Tertiary” ethers 

3.2 

1 Trasentin 


(“Quaternary” ethers 

3.9 

Trasentin 

! 

(Pavatrine 

3.S 

“Tertiary” ethers 

4.5 

Trimethyl “quaternaries” 

3.7 

1571 F 

4.4 

/Trasentin 

(Pavatrine 

5.0 

(Dimethyl ethyl “quaternaries” 

4.6 

“Quaternaries" 



(Pavatrine 

5.1 

“Tertiaries" 



6.3 

Atropine 




* Hypothetical; actually not attained due to opposing action at higher doses. 


find classical borderlines of selectivity of action among the three s^'stems break- 
ing down in certain series of substituted eth}damines such as the present ones'’’. 

The resultant of influences of molecular structure at both ends of the 2-carbon 

’ The 2-carbon bridge can be traced in such heterocyclic structures as arecoline with 
muscarinic action, nnphthyl-(r)-methylinudazoline or Privine with "adrenergic” and 
“cholinergic” actions (20), and certain Fourneau aryloxethylamines and benzodioxane- 
methyl amines (nitrogen to oxygen bridge) noth actions in the histaminic and adrenergic 
systems. Certain well-knomi exceptions to the ethylene bridge occur where a cyclic 
structure is involved, as in atropine, pilocarpine, cserine and neostigmine. In such cases 
cyclization may provide the equivalent of an ethylene bridge. 

’ Since preparation of this paper a relevant discussion by Hawes (Brit. Med. J., 19-16, 
43) has come to our attention. The author points out a tendency for parallelism among a) 
lengthening of auricular refractory period (quinidine-like action), b) local anesthetic 
action, and c) spasmolytic action among substituted cthylamines. The simultaneous 
possession of the latter two actions by many drugs has been known. An aromatic nucleus 
in opposition to the basic part of the molecule seems important. Whether the linkage be 
ester, ether or carbinol "does not seem to be of the 6rst importance". 
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bridge appears to aid in determining the biological system affected and the quality 
of effect. So far as present information goes, in the adrenergic system an optimal 
circumstance of the aminoethyl chain appears to be extension or attachment to 
the aiyl structure; in the histaminic system, attachment to a heterocj'clic struc- 
ture for activation or through an ether or N linkage to an aryl (Foumeau’s two 
original types) or aralkjd group for interference; in the cholinergic system, either 
ester or ether linkage, nith quality and quantity of action influenced by the state 
of both molecular extremities. For example, loss of the cyclic tropine structure 
in the bade moiety of atropine usually results in compounds with markedly re- 
duced interfering action in the cholinerpe system(but, according to the acidic 
moiety, commonly increased “myotropic” spasmolytic action as in the case of 
Trasentin or Pavatrine above and/or histaminolytic action as in certain cases 
studied by Lehmann and ICnoefel (21) ) . WTien the acid part is changed slightly, 
as from the diphenylacetyl of Trasentin to the fluorene'9-carboxylate of Pava- 
trine (see above), remarkable strides can be made back toward atropine’s higher 
cholinergic-system potency (with maintenance or still further improvement of the 
presumably independent “myotropic” action). Starting again with Trasentin, if 
the carboxyl group with its ester linkage is replaced by an ether function and the 
N-ethyl groups replaced by N-methyl, one has the “Benadrji” type with still 
further reduction in cholinergic-system (and some relinquishing of “myotropic") 
actions, but with the remarkable appearance of high interfering potency in the 
histaminic system. Substitution of the N-ethyl groups of Trasentin by N-methyl 
accomplishes no such change in properties, but this substitution along with change 
in type of linkage is essential for “Benadryl’s” high potency (2) and N-methyl 
substitution has also improved the Foumeau diamines as anti-histamine agents 
(Halpem (11) ). Finally, conversion of “Benadrjd”, a tertiary' amine, to tri- 
methyl quaternary salts (4 to 8 of the table) does not alter histaminic-system 
action to a remarkable degree but does restore anticholinergio action of these 
clhers almost to the degree that changes in the acidic moiety did in the esier series 
(cf.Pavatrinei's. Trasentin) and atthe same time still further reduces “myotropic” 
action. Substitution of one N-methyl group with ethyl (compounds 9 and 10) 
w as seen to proride additional atropine-like power. 

Within tlie general thesis of interactions of groups on an ethylamine in de- 
termining Selectivity and quality of action among the adrenergic, cholinergic and 
hist.aminic systems, the present data also yield points of more specific theoretical 
interest 

The morie of action of “Benadryl” appears to be a competitive blocking of 
histamine at the effector cell (22). Comparing the structure of “Benadryl” w ith 
that of histamine, the 2-imidazole structure of the latter is replaced by a benzhy- 
dryl ether group, and as the function of the nitrogen is changed from primary' to 
secondary and to tertiary (Benadryl), the histamine interference increases (2). 
Thus, in the presence of the benzhydryl ether group, as liistanune-interference 
inonxiscs Uie function of the nitrogen progressively dmates from that in histamine. 
From tliis view it is not so surprising to find essential maintenance of interfering 
potency in passing on to the present quaternary amines. But now one crosses 
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into the territoiy of choline derivatives and there has been a rebirth of action in 
the cholinergic system, of interfering rather than activating t}T3e. It would 
appear that the benzhydrjd (aralkyl) ether nucleus assures non-activation in 
boUi the histaminic and (muscarinic) cholinergic systems. It requires, through 
its contributions to the molecule as a whole, di- or tri-N-alkylation {deviating 
from histamine) for affinity in the histaminic system, but a quaternary am- 
monium structure (conforming to choline) for better affinity in the cholinergic 
system. 

For comparison of the atropine-like action of the present ethers ndth that of 
analogous knwvn esters, certain properties of the latter must be pointed out. 
Although the quaternary ammonium structure is necessary for noteworthy 
cholinergic activation, atropine, the classical interfering agent in the “muscarinic" 
portion of this system, is a tertiary base. As judged most commonly by my- 
driasis, it has become increasingly apparent since the work of Jowett, Pjonan and 
Dale (see Ing, Dawes and Wajda (23)) that in such esters of tertiaiy basic alka- 
nols an ar 3 d structure in the acid moiety meets a requirement for reasonably 
good atropine-like action, and di-substitution preferably to mono (24, 23). 
It now appears that the tertiary bases patterned after atropine have been a step 
behind in optimal intrinsic potency; a variety of aromatic substituted acid esters 
of tertiary basic alkanols, including atropine, are now being found to have greater 
intrinsic interfering potency in cholinergic ^'stems when converted to quaternary 
ammonium salts; i.e., to a closer formal relationship ivith the choline activators 
of the system (see Ing et al. (23) and Blicke (24) for data and references). “Myo- 
tropic” potency may concurrently decrease and toxicity increases. It is argued 
that atropine-like as well as curariform interference noth the acetylcholine onium 
cation are importantly dependent upon the onium ion of the interfering agent, 
being optimal when that ion is stabilized in quaternary ammonium salts (23). 

With activators and interferers in the cholinergic system thus tentatively 
brought to common grounds at the basic moiety of the molecule, interest centers 
in the other part. Jowett and Pyman’s aryl acid requirement for the tertiary 
amines as concerns atropine-like action, is fulfilled in the newer quaternary type 
(23). The requirement may be optimal in the latter. This thought is pointed 
up by the complete swing from specific activator to presumably'' specific interferer 
in going from simple alkyl acid esters of choline to aryl substituted acid esters. 
However, while aryl groups meet a requirement in this manner, they are appar- 
ently not exclusive in their ability to meet it. Conversion of carbamylcholine, 
a potent cholinergic activator, to an atropine-like drug has recently been ac- 
complished by di-butyl substitution on the carbamyl N (25, 26, 27). Di-n- 
butylcarbamyl- and arylacylcholines thus constitute the two known types of 
choline esters which interfere nith the simpler analogous alkylacylcholine ac- 
tivators. 

The case of the present ethers is, so far as can be seen now, completely analo- 
gous to the case of atropine-like action of alkamine esters just outlined. The 
salts of the tertiaiy ethylamine benzhydryl ether exhibit appreciable atropine- 
like action (sec tables), but are inferior to the nearly analogous ester, Trasentin, 
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presumatily in part because of departure of the ether hhkage from the ester form 
of the activator. Jowett and Pjman’s aryl requirement is met, though in an 
ether instead of an ester. Analogously with the esters, conversion to quaternary 
ammonium salts, still meeting the aryl requirement, increases the atropine- 
like potency several fold while decreasing the “myotropic” action and increasing 
toxicity. One would predict, however, that when compared quantitatively 
with the corresponding ester they will be found of lesser potency. Analogously 
to swinging from activators to interferers in the esters, one contrasts the known 
cholinergic (muscarinic) activating action of simple akyl ethers of choline (methyl 
and ethyl) with the reasonably potent interfering action of the present aralkyl 
(benzhydryl) ethers. The analogue in the ether series of di-n-butylcarbamyl- 
choline of the ester series is at present lacking. 

There is one further parallel between the esters and ethers. Ing et al. formd 
that in their benzilic acid esters of quaternary ethanolamines, atropine-like action 
was diarply increased by substituting one of the three N-methyl groups withan 
ethyl. This is analogous to the present finding that the two dimethyl ethyl 
benzhydryloxethyl ammonium salts (9 and 10 of table) are significantly more 
potent against acetylcholine than the trimethyl compovmds (4 to 8). There is 
a strong suggestion (compound 9 vs. 5) that the reverse is true in preventing his- 
tamine spasm. 

Failure of the present experiments to show any remarkable difference in hista- 
mine-interfering potency between the tertiary and quaternary compounds sug- 
gests that the ionic state is not of the order of importance that it is in the choliner- 
gic system. 

As an anticipated parallel with the aralkyl acid esters of quaternary ethanola- 
mines a study of possible nicotinic and curaiiform actions of the present analogous 
ethers will be in order. At present there are only suggestions implied by the 
obscn'ation that while the tertiary amines were severe clonic convulsants at 
toxic doses in the rats, the quartemaiy types were ataxant-depressant (curari- 
fonn?) before becoming terminally convulsant, and in general more lethal. 
The suggestion of increased lethal toxicity of compounds 9 and 10 with one N- 
methyl group substituted by ethyl may be related to the known curatiform action 
of tri-cthylanunonium ethers and the interesting synaptic-blocking action of the 
tctra-cthji ammonium ion currently being studied by hloe (28). 

The data suggest a possible improvement in therapeutic range of “Benadryl” 
in the acid succinate, but a variety of tolerance studies will be necessary to prove 
this possible anionic influence. One will expect the therapeutic addition of an 
atropinc-Iike action over and above “Benadryl’s” in the quatemarj’ compounds. 
Tiiis may be an asset in therapy of certain allergic states, and a predominantly 
tToublesome side-effect in others. The quaternary compounds do not appear 
promising as general snsceral spasmolytics because of a lack of good myotropic 
action to accompany the atropinc-like action. Even the latter action is lower 
by the present test than atropine's and is accompanied by far greater lethal 
toxicity in species used so far. 

In lino with I.chmann’s (29) suggestion on the possible usefulness of a combina- 
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tion of anti-histamine and atropine-like actions at the uterus, studies of the Bena- 
diyl quaternary bases in this field may be of eventual interest. 

SmiAIART 

On the isolated quinea pig ileum and in the mtact animal the acid succinate 
and acid oxalate of |3-dimethylaminoethyl benzhydryl ether have an order of 
histaminolytic action similar to the hydrochloride’s, but the acid succinate may 
be less toxic (molecular comparisons). This suggestion of an anionic influence 
should be studied further. 

Quaternary ammonium derivatives of the base, while entering the class of 
choline derivatives, retain potent histaminolytic properties and at the same time 
exhibit considerably more potent atropine-like action than salts of the tertiary 
type (in contrast with the known aclivaling action of lower alkyl choline ethers). 
The added atropine-hke action appears to increase their efficacy in protecting 
intact guinea pigs against death from inspired histamine mist It is accompanied 
by diminished “myotropic” action and increased toxicity. 

The importance of 2-carbon alkylamines m the histaminic and cholinergic 
as well as adrenergic systems, and the breaking down of classical boundaries of 
specificity in these systems concurrently with mteractions between chan^g 
molecular groups are illustrated. Parallels in the relation of structure to action 
are drawn betw'een the present alkamine ethers and knowm analogous esters. 
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In a fonner communication (1) to this journal the authors demonstratrated 
the availability of n-propyl methyl ether as an anesthetic. Since that time more 
than one hundred successful clinical anesthesias have been conducted nith n- 
propyl methyl ether. A clinical study of anesthesia under n-propjd methyl 
ether has been recorded elsewhere (2). Accordinglj' it occurred to us to study 
the anesthetic properties of another isomer of ethjd ether, namely, isopropyl 
methyl ether. The special relationship of the three isomers is apparent from the 


following formulas: 


CHs 

CcHs 

CHs 

\ 

\ 

\ 

CHj 0 

0 

0 

\ / 

/ 

/ 

C 

CtHs 

CHs-CHs-CHs 

/I 

CHj H 

Ethyl ether 

n-Propyl methyl 
ether 

Isopropyl methyl 
ether 


Our surv^ey of the literature revealed no comprehensive studies nith isopropyl 
methyl ether as an anesthetic agent. Marsh, working in Leake’s laboratory, 
studied the compound among other substances in correlating density and anes- 
thetic activity (3). 

Isopropyl methyl ether is a volatile, colorless liquid with a characteristic mild 

camphoraceous odor; the boiling point is 31.2°C.andthespecific graidty0.720 
at 15.6°C. 

Anesthesia in the monkey. Three large Macacus rhesus monkeys were anesthe- 
tized with isopropyl methj'l ether. The technic is described in detail in our 
fonner studies (4). The induction period was comparable to that with ethyl 
ether. Surgical anesthesia was uneventful; breathing was stertorous, deep and 
regular. Recoveiy from anesthesia was prompt; more rapid than with ethyl 
ether. There was little excitation during the recovers' period. The quantities 
employed were about equal to the amounts of ethyl ether used to produce similar 
anesthetic sjmdromes. 

Anesthetic index (dog). The dogs employed were, as far as possible, of uniform 

' The expense of this investigation was defrayed in part by a grant from the Ohio Chem- 
ical and Manufacturing Company of Cleveland, Ohio. 
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weight. They were fed a diet of “Purina Chow” for one week prior to the ex- 
periment and fasted 12 hours immediately before anesthetizing. At least 2 
day inter\'als elapsed between anesthesias with the same animal. The procedure 
was identical with that employed in our cyprome ether studies (4). The number 
of cubic centimeters of the agent per kilogram required to produce surgical anes- 
thesia was divided into the volume required to produce respiratory arrest. The 
quotient was designated as the anesthetic index. The results are summarized 
in table 1. 

These results indicate that isopropyl methjd ether and its isomers ethyl ether 
and n-propyl methyl ether exhibit anesthetic indices of the same order of magm- 
tude. From the volumes required for induction, isopropyl methyl ether appears 
to be slightly less potent than ethyl ether and approximately 75 per cent as potent 
as its isomer n-propyl methyl ether. 


TABLE 1 


DOC NO. 

SEX 

%\TICHT 

INDUCTION 

RESPIRATORS 

TAltURE 

AKZSTHETIC 

INDEX 




cc /kim 

CC /kgm 


1 

F I 

5.0 

1.10 

2.90 

1 2.63 

2 

iM 

5.5 

1.00 

2.82 

2.82. 

3 

M 

7.1 

1.13 

2.95 

2.62 

4 

F 



2.59 

2.36 

5 

F 


1.23 1 

2.19 

1.78 

6 

M 


1.24 

2.71 

2.19 

7 

F 


1.26 

2.72 

2.16 

s 

M 

6.6 


2.58 

2.63 

9 

F 

5.1 


2.25 

2.08 

10 

F 

6 8 

1.03 

2.50 

2.42 

Mean 

1.12 

2.62 

2.37 


Blood pressure studies (dog). The effect of isopropyl methyl ether on the blood 
pres.sure was determined by anesthetizing the animal with ethyl ether. The 
blood pressure was detcnnined in the usual manner by cannulating the carotid 
artcri’. The anesthetic reservoir containing ethyl ether was removed to allow 
the animal to e.xhale much of the ether, then isopropyl methyl ether was sub- 
stituted for the ethyl ether. The respiratory tracings were made by means of 
a tracheal cannula and lubber tambour. The anesthesia was deepened to the 
Iioint of repiratoiy collapse. The animal was then allowed to recover. The 
experiment was carried out on four animals and a typical tracing is shown in 
chart 1. 

hlcclrocardiographic studies (dog and monkey). Three monkeys and two dogs 
were cardio<coi)e(i under isopropyl methyl ether at various planes of surgical 
anesthesia. .Vftcr sui-gical ancsthc.sia of 20 minutes duration permanent tracings 
of the L.C were made of three monkeys. A typical tracing Lead II is shown 
in chart 2 of the monkey before and under surgical anesthesia. Changes in rate 
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of heart beat were insignificant, the R-spike was sliglitly depressed in ampli- 
tude; the T-wave was neither inverted nor flattened. 

Effect oil the perfused heart {frog). Isopropyl metli}'! ether was dissolved in 
Howell-Ringer’s solution and perfused through the frog’s heart in situ. Ten 
e.xperiments with different concentrations of the ether were carried out. Concen- 
trations of 0.014 molar (100 mgm. per cent) were devoid of effect. Solutions 
containing 1000 mgm. per cent promptly depressed the rate and amplitude of 
the heart beat. A typical tracing is shown in chart 3. 



Chart J. Bi.ood Pressure of Dog u.mier Isopropyl AIethyl Ether Anesthesia 


Tlie upper tracing i.s respiration: (I) ethyl ether anesthesia with tracheal cannula, (2) 
remov.al of ethj-1 ether for 2 minutes, (3) 5 minutes anesthesia with isopropyl methyl ether 
with tracheal cannula, (4) 22 minutes anesthesia with isopropyl methyl ether (deep surgical 
anesthesia), (5) 35 minutes anesthesia with isopropyl methyl ether (threatened respiratory 
collapse), (G) -10 minutes after beginning anesthesia (recovery). 

Liver function tests {dogs). Four dogs were subjected to the bromsulfalein 
liver function test as set forth in our studies with cyprethylene ether (5). The 
dye e.xcretion period was 30 minutes. Twenty-four hours after 60 minute an- 
esthesias with isopropyl methjd ether, the rate of d.ye e.xcretion was not signifi- 
cantlj' different from the preanesthetic values. 

Blood urea studies {dog). Three dogs were anesthetized to the surgical plane 
and then given more of the anesthetic until respiratorj' arrest occurred according 
to the anesthetic index technic. Prior to anesthesia and 24 houre later blood 
samples were drawn for analysis. No significant changes in blood-urea nitrogen 
were observed. 
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Fate in the body. The U.S.P. test for methanol in ethanol was adapted to the 
Tolin-Wu blood filtrate. The anesthetic in blood gave a negative test. One- 
tenth mgm. methanol in 1 cc. of blood gave a definite positive test. With the 
bloods of 2 dogs and 2 monkeys, after one hour anesthesia with isopropylmethyl 
ether, the test for methanol was negative. 

Delayed anesthetic deaths. Ten adult rats were anesthetized with isopropyl 
methyl ether to the surgical plane and maintained in this state for 30 minutes. 








ClIAIlT. 2. ElECTKOC.^RDIOGRAJIS, NoRirAL AND UNDER IsOPROPYL MeTHYL EtHER 

Anesthesia for 30 Minutes (Monkey Lead II) 

Normal Anesthesia 



Ch \ht 3 Effect of Isopropyl Methyl Ether o.n the Frog’s Heart 

1) HowcU-RinBcr's solution, fast drum; 2) same, slow drum, 3) 0 OS molar isopropyl 
methyl ether; A) same after" minutes; 5) same with fast drum. 

Five animals were sacrificed at the end of 2 weeks and no significant findings were 
observed in the liver or kidneys. At the end of 3 weeks none of the remaining 
animals liad died or appeared to be in an unhealthy condition. 

Clotting time and hemolysis. The clotting time of the blood was determined in 
3 normal tioga by the capillarj’ tube method. The clotting time was between 
55 anti 70 seconds. Viithvn the error of the experiment this period was neither 
diminished nor increased under surgical anesthesia with isopropyl methyl ether. 
1 olnmes of 10 ec. of isopropyl methyl ether in varying concentrations in normal 
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salt solution were maintained at 28° C. The red cells were supplied by adding 

0.1 cc. defibrinated dog’s blood. No hemolj-sis occurred over a 24 hour obseiva- 
tion period in concentrations of 60, 100 and 150 mgm. per cent. A saturated 
solution produced hemolysis witliin 2 hours. 

Histological studies of viscera (rat, dog and monkey). Five of the rats used in the 
delayed anesthetic death experiments were sacrificed and their li^"ers and kidneys 
were found to be free from significant changes. Six dogs were anesthetized for 
60 minutes each on 3 alternate days. On the sixth day after the fimt anesthesia 
liver biopsies were performed. There were no significant findings. 

Two Macacus rhesus monkeys were subjected to the foregoing procedures. 
Xo significant findings were observed. 

Prcanesthctic medication. In dogs, inducing isopropjd meth}'! ether anesthesia 
with nitrous oxide or cyclopropane-oxj'gen mixtures was uneventful. Preanes- 
thetic medication with pentobarbital sodium or morphine-atropine was found to 
be compatible witli isopropjd methyl ether anesthesia. Eight experiments were 
conducted on 5 animals. 

Physical properties. Solubility in water: An 1 1 cc. volume of isopropyl methyl 
ether was agitated with 100 cc. of water for 2 hours at 28°C. in a “Cassia Flask”. 
The liquids were allowed to separate for 12 hours and the volume of supernatant 
ether measured. The solubility was found to be 9.9 cc. per 100 cc. water. Our 
value for anesthetic ethyl ether is (4) 8.6 cc. and for n-propjd methjd ether is 5.0 
cc. per 100 cc. (1). 

Oil water coefficient: The oil/water coefficient was calculated from the data 
set forth by Carr et al. (6) on the relationship between water insolubility and 
oil/water coefficient. The r’alue for isopropyl methyl ether is 2 ± 0.2, approxi- 
matelj' half the value assigned to ethyl ether. 

Inflammability range: Isopropyl methyl ether is isomeric with ethjd ether and 
will therefore har'c approximately the same inflammability range. This is about 
2 per cent (lower limit) in air or oxygen (7). 

Vapor pressure: The vapor pressure of isopropyl methyl ether determined at 
26°C. in a nitrometer is 635 mm., that of eth 5 'l ether at the same temperature is 
555 mm. (8). 


SUJIirARY AND CONCDDSIONS 

1. Isopropjd methjd ether, an isomer of ethjd ether, is a volatile liquid e.x- 
hibiting anesthetic properties when administered bj^ inhalation to various species 
of animals. 

2. The potencj' of isopropjd methjd ether is approximatclj' 25 per cent less than 
that of ethjd ether. 

3. In the dog, isopropjd methjd ether anesthesia produces no functional ii^'cr 
damage as shown bj' the bromsulfalein test. In these experiments in the rat, 
dog and monkej', anesthesias with isopropjd methjd ether produced no histo- 
pathological changes in the liver and kidnej's. 

4. Neither the monkey’s nor the dog’s heart showed any significant electro- 
cardiographic changes under anesthesia with isopropjd methjd ether. 
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5. The blood pressure of the dog remains essentially unaltered under anesthesia 
■aith isopropyl methyl ether, 

6. This isomer of ethyl ether compares favorably rvith ether as an inhalation 
anesthetic in several species of animals. Its increased volatility appears to com- 
pensate for its diminished potency. This first approrimation of the anesthetic 
properties of isopropjd methyl ether, in our opinion, -warrants its careful and ju- 
dicious trial in man by skilled anesthetists. Extensive and intensive study alone 
in human anesthesia -will reveal -whether or not this mixed ether -will -warrant a 
place in the armamentarium of the anesthetist. 

Addendum. These experiments having been completed, -we deemed that the 
properties of isopropyl methyl ether -warranted its trial as an anesthetic in man. 
On March 22, at 4:00 P.M., one of us (J. C. K., Jr.) administered isopropyl 
methyl ether to an anesthetist, Constance Black, by the open drop method. The 
induction period was about 5 minutes. light anesthesia was continued for 3 
minutes. The recoveiy was rapid and uneventful. The induction period was 
not marked by any excitment. 
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In previous experiments on the isolated gut of the guinea pig and the rabbit, 
it was demonstrated that certain sulfur containing compounds such as sodium 
sulfathiazole, sodium sulfamerazine and sulfanilamide (1) as well as thiamine 
hydrochloride and thiazole (2) inhibit the contraction of smooth muscles induced 
by stimulation of the sympathetic synapses with nicotine. The action is reversi- 
ble and is not caused by a preceding paralysis of the ganglia. In consideration of 
the manifold influences of nicotine on the entire vegetative nenmus apparatus, 
it appeared important to investigate whether such inhibitory actions bj’’ the above 
named sulfur containing compounds could also be produced in vivo at the vaso- 
motor synapses of the thoracic and abdominal sympathetic nen'ous s 5 'stem. 
Stimulation of these ganglia causes, as is kno\TO, a generalized arterial and ar- 
teriolar constriction with elevation of the blood pressure; the action of nicotine 
on these ganglia and also directly on the cells of the adrenal medulla likewise 
results in an increased output of epinephrine. Such an inhibition of the blood 
pressure raising effect of nicotine would be remarkable both from a theoretical 
and practical standpoint. It would open new' w'ays for the more intimate phar- 
macological analysis of this important nicotine action and also offer a new method 
for the prevention of vasopressor effects asa consequence of ganglionic stimulation. 

Methods. These investigations were carried out in about 40 cats of the average 
weight of 2-3 kgm. The animals were anesthetized by intraperitoneal injection of 30-35 
mgm. nembutal per kgm. body weight. In order to eliminate vagal stimulation of the 
heart by nicotine the cats received at the start of the experiment, and several times during 
its progress, 2 mgm. atropine sulfate intravenously. Because of the deep nembutal an- 
esthesia and the atropinization, disturbing refle.xes were for the most part eliminated, so 
that the usually employed section of the spinal cord could be dispensed with. Respiration 
was maintained with the help of a Starling pump. The blood pressure was recorded from 
the right carotid artery using a mercury manometer. The salts of the organic sulfur 
compounds in neutral aqueous solution were infused into the femoral vein with the help of 
a burette, in such a way that 1 cc. was injected per minute. Thiamine h 3 'drochlo- 
ride (Merck) was used in 0.1% solution; sodium sulfathiazole, sodium sulfadiazine, sodium 
sulfapj'razine and sulfanilamide were employed in 1-2% solution and para-aminobenzoic 
acid in a 3% solution. After infusion of various dosages of these drugs, the blood pressure 
raising effect of nicotine was tested by the injection of a 1 ; 1000 aqueous solution of nicotine 
base into the jugular vein; for that purpose doses of 0.1, 0.2, 0.4, 0.5 and 1.0 mgm. nicotine 
base were emploj’ed. For the additional testingof the reaction of the nerv'ous apparatus of 
circulation we employed adrenaline, acetylcholine (for its muscarine- as well as for its 
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nicotine-like eSect), carbaminoyl cboiine and acet.yl-3-nnelhyl.choUne in various intra- 
venous dosages before and after the infusion of the organic sulfur compounds; liken-ise the 
response of the heart vagus to electrical stimulation was tested before and after the sulfur 
containing compounds. 

Results. I. Nicoline action vpon the blood pressure of untreated cats after 
repeated intravenous injection. In order to ascertain the applicability of the blood 
pressure raising effect of nicotine as a test procedure before and after the infusion 
of the sulfur containing compounds, it tvas necessarj- first to investigate the con- 



A B C 

Fig. 1 Nicotike .Action vpon Blood Phessure of Untreated C.ats; 10 Intravenocs 
Injections of 1 XIgm Nicotine B ase Were Give.n dvrinc 3 Hours; the Blood Pressure 
Raising Effect of Nicotine Remains Unchanged 

Cat,2 92kgm body n’eight; 30 mgm per kg nembutal; 2 mgm. atropine sulfate Time 
interA’al .30 seconds .At 2 intravenous injection of 1 mgm. nicotine base 1:1000 -t 2:07 
p.m., Ist ; li 3'07 p m . 5th; C -1:37 p m 10th injection 

stancy of the nicotine blood pressure effect after repeated intravenous injections. 
Me injccloil, therefore, in various experiments 10 to 12 times successively at in- 
tervals of 15 minutes, 1 mgm. of nicotine base in a 1 : 1000 aqueous solution. It 
was demonstrated in these 3 hour experiments that the response of the blood 
prc.ssiirc to intravenous injection of nicotine remained substantially unchanged 
(fig. 1). It was possible, therefore, to use without hc.ritation repeated intraven- 
ous injections of nicotine in our subsequent experiments for a test of the blood 
prcs.sure response. 

II. Infusion c,f sodium sutfalbiacolr in untreated rots. The previous experi- 
ments (1, 2) on the isolated gut mcntioneil initi:illy dcmon.stnited tliat of all 
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Fig 2 Sqdigm SuLF\THiAZOt.E Prevents Nicotine Action upon Blood Pressure 
Adrenalin Action Rexiains Unchecked 

Cat,3 6Skgtn bodj weight, 30 mgm perkgm nembutal, 2 mgm atropine sulfate Time 
interval 30 sec At 2 i v injection of 1 mgm nicotine base 1 1000, at S start, at 4 end of 
infusion of 2% sodium sulfathiaiole, at 5 i v injection of lOi adrenaline 1 1000 A 4 15 
p tit mcoUne action before infusion of sodium sulfathiazole , B 4 3S p in after infusion of 
340 mgm , C 4 S3 p m after 530 mgm , D 5 07 p m after 960 mgm sodium sulfathiazole, 
£ 5 13 p m nicotine action , F 5 19 pm adrenaline action 


B p HB/min 
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Fig 3 Biocking Action or Sonii u Si i r ithi azole ipon Nicotine Blood Pre-'-url 
IIITHOIT InFUENCE on THE HlaRT R ATE 

Cat 2 23 kgni bod\ weight, 30 nigra per kgm pins an addilional 6 mgm nenibutil, 
4 5 mgm atropine sulfate Time intcrial 30 sec At 2 1 1 injection of 1 mgm nicotine 
hasel 1000 Uecordingof heart rate beats per minute \ !0 47 a m nicotmcactionbefore 
infusion of sodium sulfathnzole 10 57 a m start of infusion B 11 32 a m 000 mgm , 
C 11 47 a ni 900 nigni sodium sulfathiaiole 
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sulfonamides tested, sodium sulfathiazole had the strongest inhibitor 3 ’^ effect with 
regard to the nicotine spasm of smooth muscle. We therefore used sodium sul- 
fathiazole in the present experiments. First, however, it bad to be ascertained 
that sulfathiazole alone, if infused in considerable amounts, would not influence 
blood pressure or circulation of normal cats in acute experiments. For this 
purpose we infused 1-2% solutions of the drug into cats under nembutal anes- 
thesia. It was found, that the infusion of 2.1, 2.4, and 3.0 gm. of sulfathiazole 
(approximatelj' 1 gm. per kgm. body weight), caused no apparent influence upon 
the nervous or muscular apparatus of the vascular sj'stem. Thus the responsive- 
ness of the peripheral vascular system to adrenaline or acetylcholine remained 
uninfluenced and the function of the sjmapathetic ganglia gave no indication of 
a changed reaction in the sense of a stimulation or inhibition. 

III. Nicotine action upon the blood pressure of cats pretreated vyith sodium sulfa- 
thiazole. As was shown above (fig. 1) the adrenaline-like raising of the blood 
pressure by nicotine can be reproduced as often as desired in the untreated cat. 
In cats, however, pretreated bj’' intravenous administration of sodium sulfathia- 
zole, the blood pressure raising effect of a given nicotine test dose can be partialty 
or completely suppressed depending upon the amounts of sulfathiazole and nico- 
tine used. This inhibition started at times as earty as 8 minutes after infusion 
of 120 mgm. of sulfathiazole in 2% solution; 100 mgm. were without effect and 
300 mgm. resulted in some experiments in a partial, in others in a complete sup- 
pression of the nicotine effect upon the blood pressure. In a similar waj’ 500, 
600, and 900 mgm. produced an immediate or only slightly delayed decrease or 
abolition of ganglionic stimulation bj’ nicotine (figs. 2 and 3). This sulfathiazole 
inhibition or suppression of the nicotine stimulation is not permanent. At times 
complete inhibition can disappear after 25 minutes and can again be induced bj' 
additional sulfathiazole infusion. The relative shortness of the inhibition period 
can be easilj' explained bj’- the rapid disappearance of sulfathiazole from the blood 
stream and its readj’ elimination from the organism. 

This inhibition of the nicotine effect on blood piessure b\’ sulfathiazole is 
limited to the sympathetic ganglia which stimulate adrenaline secretion and does 
not extend to the function of the sympathetic heart ganglia. Thus nicotine 
causes an acceleration of the heart rate quite as if no sulfathiazole had been in- 
fused (fig. 3, B.C.). Dixon (3) observed in 1924 that nicotine has positive ino- 
and chronotropic effects on the isolated heart and Hoffman et al. (4) working 
in Kraj’cr’s laboratorj' on heart lung preparations of dogs, found rccenth’ that 
nicotine in dosc.s of 1-10 mgm. produces a very marked effect on the dynamic 
condition of the atrojiinizcd heart: inciease of rate, decrease of venous pressure 
and increase of aortic and coronarj' flow. Our record (fig. 3) shows that despite 
the blocking of the nicotine effect upon the blood picssuic, the action of nicotine 
on Ihc heart rate (see B and C') and obviousty on the other dj-namic conditions of 
the heart remains unaltered. 

I\ .\ irolinr action upon blood picssurc of ral.<s prrtriatrd with sodium sidfanita- 
niidi , sadiiiin sidfadiazinr and sodium sulfapyrazinr Wiiercas sulfathiazole in 
the range of 120-300 mgm. logulailv pro(hice<l an inliibition of the nicotine effect 
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upon the blood pressure, the other sulfonamides tested ivere much weaker, if at 
all effective. It was found that a 1% solution of sodium sulfanilamide did not 
influence the nicotine effect even after infusion of 2-3 gm., whereas the subse- 
quent infusion of 300 mgm. of a 2% sodium sulfathiazole solution produced an 
immediate inhibition of the nicotine effect (fig. 4). Sodium sulfadiazine, which 
showed only partial inhibition of nicotine in the isolated gut, proved also entirely 
without effect; even after infusion of 3 gm. of a 2% solution and with a blood con- 
centration of 150 mgm.%, the nicotine effect remained entirely intact. The so- 
dium salt of sulfapyrazine, which is closclj' related to sulfadiazine, proved also 
uncertain in its action; while in one e.\’periment the infusion of 1.5 gm. in a 2% 
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Fig. 4. Sodivm Sulfadiazine Does Not Influence Nicotine Action upon the Blood 
Pressure Unless in Verv Llrge Doses 

Cat, 2.9S kgin. body weight; 30 mgm. per kgm. plus 10 mgm. nembutal; 4 mgm. atropine 
sulfate. Time interval 30 sec. .At P 0 5 mgm. nicotine base 1 DODO. .4 3:09 p.m. nicotine 
action before infusion; between .4 and 5 3:13 p.m. start of infusion of 2% sodium 
sulfadiazine; B 3:39 p m. 500 mgm.; C 3:54 p.m. 1000 mgm.; /> 4:39 p.m. 2200 m^m.; E 
4:54 p.m. 30{X) mgm. sodium sulfadiazine (150 mgm. % in the blood at end of infusion 4)- 

solution weakened the nicotine effect, the infusion of 3 gm. in another e.vperiment 
was without effect. 

V. Nicotine action upon blood pressure of cats pretreated with thiamine hydro- 
chloride. Experiments by Unna and Pick (2) proved that thiamine as well as 
ihiazole inhibit nicotine spasm whereas the pyrimidine part of the thiamine had 
no such action. It seemed indicated, therefore, to ini’estigate whether 
pretreatment with thiamine coidd influence tlie n'se in blood pressure caused 
bj' nicotine in the intact animal. We used a 1 : 1000 solution of cry.stalline thia- 
mine hydrochloride Merck, which was neutralized with sodium hydroxide before 
intravenous injection. The inhibit orj' effect w as tested by intravenous injection or 
infusion of various amounts of thiamine in the range of 2.5 to 30 mgm. per kgni. 
body weight. For the testing of the blood pressure effect we used nicotine in 
amounts of 0.1., 0.25, 0 . 4 , and 0.5 mgm. The thiamine inhibition varied in accord- 
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ancewith the dosage of this drug and was especially conspicuous Mith small 
amounts of nicotme. In a cat weighing 1.86 kgm. for instance, 5 mgm thiamine 
hydrochloride produced complete inhibition of the blood pressure raising effect of 
0.1 mgm. nicotine base (fig. 5), but onb' a partial inhibition when tested with 0.25 
mgm. of nicotine; the effect of this latter dose could be inhibited only by infusion 
of 10 mgm. thiamine hydrochloride. In another cat, however (weighing 1.58 
kgm.), 5 mgm. of thiamine hydrochloride suppressed the blood pressure raising 
action of 0.4 mgm. of nicotine completely. In still other experiments with cats 
of approximate^ equal weights infusions of 30 to 50 mgm. of thiamine hydro- 
chloride were needed in order to abolish the blood pressure raising effect of 0.5 
mgm. nicotine base (fig. 6). The thiamine inhibition, hke the sulfathiazole 
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I'la 5 Tin AMixE HADnocuLoniDE IN Small Doses (2 7 Mom peh Kgm ) PBEArnKTs 
XicOTiNE .Action Upon the Blood Phessobe Adrenalin Action Remains 

Unch anged 

Cat, 1 SG kgm body m eight, 30 mgm per kgm plus 6 mgm nembutal , 2 mgm atropine 
sulfate. Time interval 30 sec. .\t 2 20t adrenaline; at 4 0 1 mgm. nieotine base 1:1000 
A 2:15 pm 20-r adrenalin, B 2: -12 p m 0 1 mgm nicotine before infusion of thiamine hA'dro- 
eliloride, at 3:11 p m between B and C infusion of 5 mgm thiamine HCl m 5 cc., C 3:16 
pm ,03' 31 pm ,B3 49 pm ,f’3'59pm 

inliibition, is transient, liowever, it lasts longer than vhen caused by sulfathiazole 
and can remain for J of an hour to one hour and more. 

It should be stressed as shonn in extensive expenments of Alolitor and Samp- 
son (5) that thiamine even in very large and othem ise fatal amounts (e.g., after 
intravenous injection of 300 and 350 mgm. per kgm. in rabbits and dogs) leaves 
the heart and circulation of the untreated animal uninfluenced. Only the subse- 
quent analy.sis of the activity of the sympathetic sjmapsos m ith the help of nico- 
tine indicates that thiamine docs have a detectable effect on these nerve stnic- 
turcs. 

I I. -teflon of ndrcjiahiic, acclijJdiohnc, aoctyl-^-mcIlii/lcholitic and carhaminoyl 
choline upon the blood pressure of cats pretreated mth sulfathiazole and thiamine. 
IMicrcas tlie pretreatment of cats with thiazole containing organic compounds 
(nith sodium ‘mlfathiazole in the range of 120-300 mgm. per kgm. body weight 
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and with thiamine hydrochloride in amounts of 2.5-30 mgm. per kgm. body 
weight), causes an inhibition or abolition of the nicotine effect upon the blood 
pressure, it was demonstrated that the noimal effects of adrenaline, acetylcholine, 
acetyl-/3-methylcholine and carbaminoyl choline are in no way changed. This 
is remarkable in many repects. On the one hand the acfion of the free inlra- 
venoudy injected adrenaline remains unchanged at its site of action on the vessel, 
on the other hand the liberation of adrenaline from the adrenal medulla by nico- 
tine stimulation of the sjonpathetic sjmapses can be either partially or completely 
blocked by thiazole containing dnigs (fig. 5). 
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Fig. 6. Blocking Effect of Thia.mine Hydrochloride (16 Mo.u. per Kg.m.) on Nicotine 
.Actio.v on the Blood Pressure 

Cat, 1.85 kgm. body weight; .30 mgin. per kgm. nembutal; 2 mgm. atropine sulfate. 
Time interval 30 sec. --)■< t 05 mgm. nicotine base 1:1000. A 2:24 p.m. nicotine action 
before infusion of thiamine; 2;34-2;39 p.m. infusion of 30 mgm. thiamine HCl (0.1% solu- 
tion); B 2:54 p.m. nicotine action 15 min. after end of thiamine infusion; the inh'Dition 
remained for an additional 30 min 

Acctylclwline is somewhat different in its behavior. Neither its muscarine- 
like nor its nicotine-like effect are changed essentially. Although in atropinized 
cats the blood pressure raising effect of acetylcholine, similar to nicotine, involves 
stimulation of the vasomotor ganglia and increased output of epinephrine (fi), 
it is, in contrast to nicotine, hardly influenced by pretreatment with thiazole 
containing substances (fig. 7). This indicates that stimulation of sympathetic 
ganglia by nicotine and by acetylcholine proceeds selectively and independently 
of each other. Both effeets must be based on different chemical processes in the 
ganglia since the thiazole containing dings block the nicotine effect while the 
action of acetvlcholine remains undisturbed. This independence of the two 
rather similar effects cm the ganglia agrees with the knowledge that nicotine does 
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not interfere with the release of acetylcholine in ganglia induced by impulses 
from cholinergic preganglionic fibres, even though the cells are paralyzed bj" ex- 
cessive amounts of eserine or nicotine (7). The independence of the blocked 
nicotine action and the uninhibited “nicotinic” action of acetylcholine on the 
sjTupathetic ganglia brings to mind a similar relationship concerning the blocking 
of ganglionic transmission by curare; this blocking is not produced by a paraljdic 
action because the involved cells are still capable of responding to other forms 
of stimuli such as potassium salts and electrical stimulation (8). 



a BCD 

Tio. 7. Thiamine HiDRociiuoniuE (IS Mom per Kcm ) Inhibits Nicotine Actios lpon 

THE Blood PrL'^s^ire, Bit sot the Acetilcholise Blood Pressure Effect 

Cat,27Gkgm boils weight , 30 mgni per kgm nembutal plus 5 nigm , 6 nigm atropine 
sulfate Time inters al 30 sec At S 0 5 mgm nicotine base 1 1000, at 3 3 mgm acetsl- 
clwhne eblorlss drate aeets lebolsnc and B meotine aetson before infusion of tbiamino, 
between II ami C infusion of 50 mgm thiamine HCl 1 1000 C nicotine action IS min 
after end of infusion, D acets Icholme actiono mm later 

y[[. Aclxon of llic sodtitm sail of paxa-amitiohenzoic acid on cats prctrcalcd bp 
sulfatlnazoh and Ihiamtnc It seemed indieatcd to insestigate whether para- 
ammnlH'nzoip acid which completely icverses the bacteriostatie action of many 
of the '-ulfonaniulms m able to inhibit the tliiazolc elTcet upon nicotine or even 
to abolmli an esi'-tent blocking effect by Mibseqticnt application For this 
pitr]iO''C the ‘•odium salt of para-aminobeiizoic acid was injected intravenously 
bcfoie and after iiicotmc aiiplication into cat- in amounts of 10-00 mgm. The 
esiiciiments jiroved that jiara-aminobenzoic acitl wa- unable to jirodtice a block- 
ade of ganglia to nicotine and ssa- also unable to abolirii an esi-ting blocking 
efiect to nicotine caiwd by tliiazolc containing comiioiiiuh. It can be deduced 
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from this that the inhibition of the bacteriostatic effect of sulfonamides, one of 
the longest knoTO competetive receptor effects on bacterial cells has no analogj' 
in nen’ous cells. 

Discussion. The experiments reported herein demonstrate that sulfathiazole 
and thiamine, in a manner similar to the blocking of the nicotine effect on the 
isolated gut, are able to inhibit the stimulation of vasomotor samapses and the 
rise in blood pressure caused bj' nicotine in the intact animal. As has been 
demonstrated previously, it was solely the thiazole component of the thiamine 
which caused the blocking effect on the gut, whereas the pyrimidine component 
remained ineffective. In perfusion e.xperiments on frogs prepared according to 
Laewen-Trendelenburg method, Haimovici and Pick (9) found again that only 
thiazole produced blocking of the nicotine induced vascular contraction, whereas 
pyrimidine was without effect. In these e.xperiments it was found that of the 
four sulfonamides tested (sulfanilamide, sulfadiazine, sulfap 3 wazine and sulfa- 
thiazole) onlj'- the last named caused blocking of the nicotine action although 
in a signifieantlj' weaker degree than the thiamine; from this we assume that in 
our nicotine blocking e.xperiments the thiazole group accounts for the blocking 
action and cannot be replaced in this action bj' either a pyrimidine or pjwazine 
group. The fact that sulfathiazole acts onl.v in larger dosages, about G0-15C 
mgm. per kgm. bodj' weight, whereas thiamine is able to block the nicotine effect 
upon the blood pressure in as small an amount as 2.5-3.0 mgm. per kgm. bod.v 
weight and a blood concentration of 2.4 mgm. per cent, is not surprising if we 
remember how small changes in the molecular structure can influence the various 
inhibitorj' effects of antibiotics according to investigations of D. W. Woollej' 
and coworkers and others (10). These re!ativel 3 ' small effective amounts of 
thiamine permit the assumption that in therapeutic application of similar 
amounts, pharmacological effects on the S3’mpathetic S3'napses of the human 
bod 3 ' might be obtained, as observed in the nicotine inhibition on cats. It seems 
definiteb' possible that thiamine which is produced according to Muralt (11) 
in considerable amounts during nen-ous activit 3 '-, functions as an important mod- 
erator or inhibitor of the overstimulated s 3 'mpathetic s 3 mapses: this might be- 
come especialh' apparent if substances similar to nicotine or other metabolic 
products which stimulate S3'mpathetic ganglia and thus liberate adrenaline with 
consequent rise in blood pressure, appear in the circulation. In this sense thia- 
mine and other thiazole compounds related to it ma 3 ' have an important media- 
tor 3 ’ function for transmission bf neivous impulses in the sjmapses and ma 3 ' 
secure the enz 3 ’matic balance, which is necessar 3 ' for an undisturbed function of 
the ganglia. On the other hand, the stimulation of S 3 TOpathetic s 3 'napses by 
nicotine might be facilitated in the presence of thiamine deficienc 3 ’ in the central 
and peripheral nenmus S3'stem. 

In view of the impressive blocking of the nicotine effect on the blood pressure 
b 3 ’ the thiazole containing compounds, thiamine and sulfathiazole, one feels 
inclined to think of a competitive action betueen the p 3 'ridine group of nicotine 
on the one hand and the thiazole group of the two inhibitors on the other hand. 
This competitii'e action between nicotine and thiamine brings to mind a similar 
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displacement of thiamine by pyrithiamine in mice with the production of typical 
signs of thiamine deficiency described by Woolley and MTiite (12). Up to the 
present time, inactivation by substrate competition was known to occur essenti- 
ally in antibiotics of plant origin or vitamins. Here, for the first time, a specific 
nerve poison which leads to vasoconstriction and blood pressuie rise is rendered 
harmless by competitive displacement. Aside from the fact that the blocking 
of the nicotine action is only temporary, a paralysis of sensitive nerve cells can 
be ruled out on the basis of the fact that the inhibition of ner\m cells is strictly 
specific for nicotine whereas the same synapses remain fully lesponsive for other 
similarly acting posions such as acetylcholine. That the blocking effect of thia- 
zole concerns specifically only the sympathetic ganglia and not the peripheral 
netve ends can be easily demonstrated by the observation that drugs which act 
on the sympathetic or parasympathetic nerve endings show no change in their 
effectiveness despite complete inhibition of the nicotine action. 

It seems justifiable to assume that thiazole containing compounds interfere 
in some way v ith enzymatic processes of the cell and thus disturb the nicotine 
stimulation in or on the sjmapses, since the nicotine molecule as such is neither 
destroyed nor altered. Various inhibitor}' mechanisms of enzymatic processes 
are well known from the study of the antibacterial actions of the sulfonamides; 
it can be assumed therefore, that thiazole introduces certain changes in the en- 
zymatic cell function of the sympathetic ganglia w hich lead to an inhibition of the 
nicotine action, possibly the site of action is changed to such an extent that the 
original pharmacological action is abolished. 

SUMMARY 

1. The intravenous infusion of sodium sulfathiazole (about 60-150 mgm. 
per kgm. body weight) or of thiamine hydrochloride (about 3-10 mgm. per kgm. 
body weight), prevents the rise in blood piessure induced by the intravenous 
injection of 0.1-1 .0 mgm. nicotine base in untreated cats. 

2. This blocking of the nicotine effect is not caused by a paralysis of the syn- 
apses, it lasts 10 minutes to 1 hour or more and is dependent directly in its dura- 
tion and intensity upon the amount of sulfathiazole or thiamine infused and 
inversely upon the test dose of nicotine used. 

3. The blocking of the nicotine action upon autonomous ganglia is produced 
essentially by the thiazole gioup of the sulfathiazole and thiamine, thiazole- 
free sulfonamides, such as sulfanilamide, sulfadiazine and sulfapyrazine, did 
not show this effect even in large dosages. 

4. The interfeience with the nicotine effect is piobably caused by a transient 
binding of the thiazole-containing drugs at or inside the sympathetic ganglia 
as Well as at the cells of the adrenal medulla, thus producing a selective displace- 
ment of nicotine and its action. It would seem that enzymatic processes in or 
at these nerve cells aie involved. 

0. The blockade of the nicotine action which inhibits the rise in blood pressure 
caused by nicotine, does not seem to influence the vagal and sympathetic ganglia 
of the heait. 
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from this that the inhibition of the bacteriostatic effect of sulfonamides, one of 
the longest known competetive receptor effects on bacterial cells has no analogj' 
in nenmus cells. 

Discussion. The experiments reported herein demonstrate that sulfathiazole 
and thiamine, in a manner similar to the blocking of the nicotine effect on the 
isolated gut, are able to inhibit the stimulation of vasomotor synapses and the 
rise in blood pressure caused by nicotine in the intact animal. As has been 
demonstrated previously, it was solely the thiazole component of the thiamine 
which caused the blocking effect on the gut, whereas the pyrimidine component 
remained ineffective. In perfusion experiments on frogs prepared according to 
Laewen-Trendelenburg method, Haimovici and Pick (9) found again that only 
thiazole produced blocking of the nicotine induced vascular contraction, whereas 
pyrimidine was without effect. In these experiments it was found that of the 
four sulfonamides tested (sulfanilamide, sulfadiazine, sulfapyrazine and sulfa- 
thiazole) only the last named caused blocking of the nicotine action although 
in a significantly weaker degree than the thiamine; from this we assume that in 
our nicotine blocking experiments the thiazole group accounts for the blocking 
action and cannot be replaced in this action by either a pyrimidine or pyrazine 
group. The fact that sulfathiazole acts only in larger dosages, about 60-15C 
mgm. per kgm. body weight, whereas thiamine is able to block the nicotine effect 
upon the blood pressure in as small an amount as 2.5-3.0 mgm. per kgm. body 
weight and a blood concentration of 2.4 mgm. per cent, is not surprising if we 
remember how small changes in the moleeular structure can influence the various 
inhibitorj' effects of antibiotics according to investigations of D. W. Woolley 
and coworkers and others (10). These relatively small effective amounts of 
thiamine permit the assumption that in therapeutic application of similar 
amounts, pharmacological effects on the sympathetic sjmapses of the human 
body might be obtained, as observed in the nicotine inhibition on cats. It seems 
definitely possible that thiamine which is produced according to iMuralt (11) 
in considerable amounts during nenmus activity, functions as an important mod- 
erator or inhibitor of the overstimulated sympathetic synapses; this might be- 
come especially apparent if substances similar to nicotine or other metabolic 
products which stimulate sympathetic ganglia and thus liberate adrenaline with 
consequent rise in blood pressure, appear in the circulation. In this sense thia- 
mine and other thiazole compounds related to it may have an important media- 
torj' function for transmission bf nen'ous impulses in the synapses and may 
secure the enzymatic balance, which is necessarT,’ for an undisturbed function of 
the g.anglia. On the other hand, the stimulation of sympathetic sjmapses by 
nicotine might be facilitated in the presence of thiamine deficiency in the central 
and peripheral nerr’ous sj'stem. 

In view of the impressive blocking of the nicotine effect on the blood pressure 
by the thiazole containing compounds, thiamine and sulfathiazole, one feels 
inclined to think of a competitive action between the pyridine group of nicotine 
on the one hand and the thiazole group of the two inhibitors on the other hand. 
This competitive action between nicotine and thiamine brings to mind a similar 



BLOCKING action OF THIAZOLE COMPOCNDS 


147 


displacement of thiamine by pyrithiamine in mice with the production of typical 
signs of thiamine deficiency described by oolley and White (12). Up to the 
present time, inactivation by substrate competition was knomi to occur essenti- 
ally in antibiotics of plant origin or vitamins. Here, for the first time, a specific 
nerve poison which leads to vasoconstriction and blood pressure rise is rendered 
harmless by competitive displacement. Aside from the fact that the blocking 
of the nicotine action is onlj' temporary, a paralysis of sensitive nen-e cells can 
be ruled out on the basis of the fact that the inliibition of ner\-e cells is strictly 
specific for nicotine whereas the same sjnapses remain fully responsive for other 
similarly acting posions such as acetylcholine. That the blocking effect of thia- 
zole concerns specificallj" only the sympathetic ganglia and not the peripheral 
nerve ends can be easily demonstrated by the observation that drugs which act 
on the sjTnpathetic or parasjmipathetic nerve endings show no change in their 
effectiveness despite complete inhibition of the nicotine action. 

It seems justifiable to assume that thiazole containing compounds interfere 
in some way nith enziunatic processes of the cell and thus disturb the nicotine 
stimulation in or on the sjmapses, since the nicotine molecule as such is neither 
destroyed nor altered. Uarious inhibitory mechanisms of enzymatic processes 
are well known from the study of the antibacterial actions of the sulfonamides; 
it can be assumed therefore, that thiazole introduces certain changes in the en- 
zjTnatic cell function of the sjmpathetic ganglia nhich lead to an inhibition of the 
nicotine action, possibly the site of action is changed to such an extent that the 
original pharmacological action is abolished. 

SL'MXL\RY 

1. The intravenous infusion of sodium sulfathiazole (about 60-150 mgm. 
per kgm. body weight) or of thiamine hydrochloride (about 3-10 mgm. per kgm. 
body weight), prevents the rise in blood pressure induced by the intravenous 
mjection of O.l-I.O mgm. nicotine base in untreated cats. 

2. This blocking of the nicotine effect is not caused bj- a paralysis of the sjm- 
apses; it lasts 10 minutes to 1 hour or more and is dependent directly in its dura- 
tion and intensity upon the amount of sulfathiazole or thiamine infused and 
inversely upon the test dose of nicotine used. 

3. The blocking of the nicotine action upon autonomous ganglia is produced 
essentially by the thiazole group of the sulfathiazole and thiamine; thiazole- 
free sulfonamides, such as sulfanilamide, sulfadiazine and sulfapyrazine, did 
not show this effect even in large dosages. 

4. The interference with the nicotine effect is probably caused by a transient 
binding of the thiazole-containing drags at or inside the sympathetic ganglia 
as well as at the cells of the adrenal medulla, thus producing a selective displace- 
ment of nicotine and its action. It would seem that enzymatic processes in or 
at these nerve cells are involved. 

5. The blockade of the nicotine action which inhibits the rise in blood pressure 
caused by nicotine, does not seem to influence the vagal and sympathetic ganglia 
of the heart. 
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6. Tlie nicotine-Iike blood pressuie effect of acetylcholine induced bj’’ stimu- 
lation of the sympathetic sjmapses and the adrenal medulla in the atropinized 
animal, remains unchanged in the presence of a thiazole induced blockade of 
these same ganglia to nicotine; the effect upon the blood pressure of adrenaline, 
carbaminoyl choline and acetyl-^-methylcholine likewise remain unchanged. 

7. The sodium salt of para-amniobenzoic acid pro^•ed incapable of producing 
or abolishing a blockade of sympathetic ganglia. 

Acknowledgement. Thanks and appreciation are e.\’pressed to i\Irs. Grace R. 
Peters for her ^'aluable technical assistance. 
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Since the oiiginal description of tyramine oxidase by Bernheim (1), most work- 
er have experienced some degree of uncertainty in the interpretation of the re- 
sults obtained when the enzyme has been employed. Tyramine oxidase, ob- 
tained'from livers of various animals including the rat, u as reported to catalj’'ze 
the deamination of tyramine v ith an oxygen utilization of one atom per mole of 
substrate in the presence of 0.05 M cyanide at pH 7.3 (2). The same investi- 
gator, using guinea pig liver, obsen'ed the uptake of four atoms of oxygen per 
mole of tyramine at pH 5.2, and, in other preparations, the uptake of onl}'^ two 
atoms per mole in either alkaline or acid solutions, the difference apparently being 
due to age of the preparation. Both types of preparation catalyzed the utiliza- 
tion of only one atom gf oxx'gen per mole in the presence of 0.005 M cyanide. 
Bernheim also was able to demonstrate the formation of p-hydroxyphenylacetic 
acid when two atoms of oxygen per mole w ere used, thus corroborating the in vivo 
results of Ewins and Laidlaw (3). 

Pugh and Quastel (4) using lu ei slices rather than the dispersions employed by 
Bernheim have investigated the oxidation of tyramine and other amines and have 
reported the oxidation of these compounds in the presence of 0.03 M cyanide 
with the uptake of one atom of oxygen, and the liberation of one molecule of 
ammonia, per mole of substrate 

Philpot (5), using both liver slices and dispersions at pH 7 4, obtained one 
equivalent of oxygen uptake with slices, and two equivalents with suspensions, 
all uptakes above one equb alent bemg cyanide sensitive It should be men- 
tioned, in view of the results to be reported here, that Philpot observed the forma- 
tion of both the corresponding aldehyde and acid, wheieas Bernheim did not 
report the isolation of the aldehyde in her first paper on the subject. Pugh and 
Quastel were able to isolate the coi responding aldehyde when isoamylamine was 
oxidized but gave no data with lespect to p-hydioxyphenylacetaldehyde forma- 
tion. Thus it would seem that the oxidative leaction does not necessarily cease 
when the aldehyde has been formed Beyei (15) employed guinea pig liver 
homogenate as a source of amine oxidase, and was able to obtain leproducible 
results by employing fiesh homogenate and fiesh cyanide at all times. 

Several investigatoi-s (1, 10, 17) hax-e attempted the puiitication of the enzyme, 
usually with only moderately good results In x iew of the marked species vaiia- 
tion of occuirence of the enzyme, together with its difficulty of purification, one 
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niaj' postulate, as Alles and Heegaard (16) have suggested, that “amine oxidase” 
is in reality a mixture of several enzj'mes acting together or in sequence. 

After consideration of these results, it seemed to us of interest to investigate 
the mechanism of oxidation of tyramine, emploj^ing the well known effect of dilu- 
tion bjf homogenization, together with the addition of various substances sus- 
pected of acting catalytically. In order to limit variabilitj’’ of results as much as 
possible only rat livers were used, and the reaction was carried out in an alkaline 
medium. 

Methods. Mature white rats of Wistar descent were decapitated and liver homogenates 
in distilled water were prepared immediately. O.vt'gen uptake was determined in Sum- 
merson constant volume differential manometers. 

Cytochrome C was prepared by the method of Keilin and Hartree (6) and was stored in 
the lyophilized (7) state. Coenzyme I was prepared from Baker’s }'east by the method of 
Williamson and Green (8). Dimethylgl 3 ’cine was prepared by the method of Michaelis 
and Schubert (9).‘ 

A 10% liver homogenate was allowed to catalj'ze the oxidation of the compound in an 
atmosphere of air at 37°, the pH being maintained at S.S bj’ dimeth 3 'lglycine buffer. Vari- 
ous substances were added, and the effect on ox 3 'gen uptake noted. Since the amount of 
active enz 3 -me in liver apparentb’ is low, it was not found practical to dilute further than 
10%, even though the effect of addition of catab’tic substances could not be demonstrated 
as vividly as would have been possible if the tissue could have been used in a more dilute 
state. 

The following substances were added, and their effect on t 3 ’ramine oxidation recorded; 
C 3 ’toclirome C, coenzyme I, aluminum ions, calcium ions, magnesium ions, p 3 'ruvale, 
glutamate, succinate, meth 3 'lene blue, cocarboxylase, glutathione, adenine, adenosine, 
aden 3 'lic acid, adenosine triphosphate, and sodium chloride. p-H 3 'dro.x 3 'phen 5 ’lacetic acid 
was found to be strongb' inhibitor 3 ' to both t 3 ’ramine oxidation and tissue respiration. Of 
these compounds, cytochrome C, coenz 3 *me I, aluminum and calcium ions, p 3 'ruvate, 
glutamate, and meth 3 -lene blue were found to be stimulator 3 '. The other substances men- 
tioned proved either to have no effect or to be slightb’ inhibitor 3 ’. 

.After considerable experimentation the following set-up was found to give the most 
consistent results. (T 3 ’ramine was placed in the right hand vessel of the Summerson 
manometer in each case, the left hand vessel containing all of the other components as a 
control) : 



Lr/l Vessrt 

AirAt Vejjtl 


ccm. 

ccm. 

10 % homogenate 

0.5 

0.5 

Cytochrome C, 4 X lO'OI 

0.3 

0.3 

Coenz 3 *mc I, 0.75% 

0.2 

0.2 

Xicotinamidc M/10 

0.1 

0.1 

AICI 3 0.001 M 

0.1 

0 1 

CaCIj 0.004 M 

0.1 

0.1 

Pyruvate M/1 pH 6.0 

0.3 

0.3 

Methylene blue 0.001% 

0.1 

0.1 

Dimethyl glycine buffer M/I, pH S.S 

1.1 

0.9 

Tyramine HCI, O.OIS M 


0 . 2 * 

KOH, 20% in center ^^ell 

0.2 

0.2 

In side bulb. 




■ We are indebted to Dr. E. M. Schultz of the Dept, of Organic Chemistr 3 -, of this Divi- 
sion, for the preparation of this compound, and for the purification of the p 3 -ruvic acid used. 



ACTIOX OF SYMPATHOSmiETIC AlHNES 


151 


Results and discussion. Before discussing the results obtained, further 
•comment should be made regarding the addition of some of the above substances. 

Nicotinamide, added as an inhibitor of coenzyme I nucleotidase, produced 
troublesome inhibition of tyramine oxidation at times. This has previously been 
noted by Utter and coworkers (10), and is probably dependent on the initial con- 
centration of tissue cozymase. 

In early experiments sodium glutamate, added to both vessels as a substrate, 
was found to accelerate the rate of oxidation of tyramine. In these experiments 
analysis for a-ketoglutarate showed the presence of this compound, thus suggest- 
ing that the glutamate might be active because of its oxidative deamination to 
the keto acid . We reasoned that if this were true, pyruvate also should be active. 
This was indeed the case and pyruvate rather than glutamate was used in subse- 
quent experiments. Pyruvate usually was added to make a final concentration 
of 0.1 M. 

Methylene blue in high concentrations was found to inhibit the oxidation 
of tyramine and to stimulate in low concentrations. When used, it was employed 
in a final concentration of 0.003 M. It was found to reduce the number of slug- 
gish and rather inactive preparations, which we believed possibly due to de- 
ficiency, dilution, or destruction of cytochrome oxidase. Methylene blue was 
not used in the experiments involving cyanide described below. 

Figure 1 demonstrates the stimulatoiy effect of cytochrome C, coenzyme I, 
pyruvate, and methylene blue. In this figure, 40 c.mm. of oxygen uptake is 
equivalent to one atom. One may see here that an uptake of two and one-half 
atoms of oxygen per mole is recorded. However, this is not always the case, and 
. sometimes an uptake of three atoms per mole was noted. 

From the foregoing experiments it would appear that we probably were deal- 
ing with a dehydrogenase, since coenzyme I was stimulatory", and with the cyto- 
chrome-cytochrome oxidase system as a possible end path of oxidation. The 
function of pyruvate seems somewhat in doubt but more is to be said on this 
subject later. Since ne were able to oxidize N-methyl-phenethylamine with 
oxygen uptakes approaching two atoms per mole in this system, it seems improb- 
able that the bulk of this oxidation was concerned with the ring of tyramine. 
p-Hydroxyphenylacetic acid would seem to be definitely etablished as the end 
product when two atoms of oxygen are used, in view of the work of Bemheim and 
of Philpot already quoted. Table 1 illustrates a reaction scheme that we postu- 
late to explain the experimental obseiv’ations. 

Reactions 1 to III involve the uptake of two atoms of oxj’gen per mole of sub- 
strate, and require the hypothesis that pyruvic acid is the hydrogen acceptor.” 
In order to ascertain the likelihood of this being true experiments involving vary- 
ing concentrations of cyanide’ and of pyruvic acid were undertaken. Theoreti- 
cally if the cidochrome-cytochrome oxidase system is the end path of the hydro- 
gen transport, and if pyruvate is a carrier, then low concentrations of cyanide 

’ If HjO, IS formed in the oxidation of lactate, tissue catalase should destroy it, making 
the net uptake one equivalent. 

’ The precautions of Krebs (14) uere used when cyanide nas added. 
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should inhibit cytochrome oxidase, but should not be sufficient to cause inactiva- 
tion of all of the pyruvate by cyanhydrin formation. This would result in an 
oxygen uptake of one atom per mole of tj-ramine, since sufficient pyruvate would 



be present to take up all of the hydrogen atoms released in the conversion of 
tvramine to the aldehyde, and the uptake due to the subsequent oxidation of the 
aldehyde to the acid would be recorded. Conversely, if no cj-anide werepresent 
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both this atom of oxygen and that seen from oxidation of the lactate formed 
would be recorded, since cytochrome oxidase would be intact in this case. 

Also, if sufficiently high concentrations of cj'anide were used, not only would 
cjdochrome oxidase be inactivated, but the pyrux’ic acid (in the tissues or added) 
\iould be inactivated and reaction I could not occur. If reaction I could not 
take place, neither could reaction II, and no oxygen uptake should have been 
recorded Figure 2 illustrates an experiment in which the pyruvate concentra- 
tion was fixed at M/10 and the cyanide concentration varied from M/10 to 


TABLE 1 
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lM/300. One may obserx-e that strong cyanide concentrations inhibited all oxy- 
gen uptake, whereas dilute cyanide concentrations allowed an uptake of one atom 
per mole. It should be noted that we obtained an uptake of slightly more than 
one atom per mole in this case (1 atom o 40 c mm ) This “extra” oxygen 
uptake may be explained on the basis of a bypass around the cytochrome system, 
or by the supposition that at these low rates of oxygen uptake considerable 
amounts of cytochrome oxidase may be inactivated and still leave enough active 
enzyme to serx-e as carrier since the oxidase is probably not saturated xvith sub- 
strate (11) In any case, this extra uptake of oxygen has never amounted to 
more than 1 atom per mole. 
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In order to determine -whether or not the failure of oxygen uptake -adth high 
concentrations of cyanide could have been due to inhibition of some component 
of the system other than the pyruvic acid, another experiment -ivas set up, fixing 



0 12 3 4 5 


Hours 

the concentration of cyanide at M/50 (final) and increasing the pyruvate con- 
centration, In the reaction beUveen cyanide and pyruvate, the cyanide is bound 
as a cyanhydrin and theoretically it should be possible to add enough pyruvate to 
leave an excess when the reaction has been completed. Here one runs the risk. 
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of coviise, of inhibition of lactic dehydrogenase by pyruvic acid. Figure 3 illus- 
trates such an experiment. In vessels without added pyruvate only the “extra” 
J atom per mole of uptake was observed, whereas addition of pjTuvate in excess 



allowed the reaction to proceed to the extent of one atom per mole. Still higher 
concentrations of pyruvate slowed the reaction as would be predicted if the lactic 
enzyme were inhibited. The uptake did not proceed to two atoms per mole, 
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probablj’ because sufficient cyanide to inactivate cytochrome oxidase still was 
present. 

We do not believe that the findings of Potter (18), that ejmnide in high con- 
centration combines with cytochrome C, are applicable here, since our c^'to- 
chrome concentrations were much higher than his, and since excess pyruvate 
negated the inliibition. 

Thus we believe that an uptake of one atom of o.xj'gen per mole can be ex- 
plained b}' the action of a dehydrogenase nith pyruvic (or other keto acid) acting 
as hydrogen acceptor, with oxidation of the resulting lactic acid in the presence 
of the lactic enzyme, cytochrome and cytochrome o.xidase being the end path. 
Such systems have been described previously by Green and co-workers (12), 
who were able to couple xanthine oxidase and hypoxanthine'to lactic dehj'dro- 
genase and pyruvate both by means of naturally occurring carriers and also by 
oxidation-reduction indicatois. We have not been able to determine the cou- 
pling carrier in the oxidation of tjTamine but the fact that meth3''lene blue stimu- 
lates the sj’stem in the absence of cyanide suggests that a natural carrier is 
present in low concentration. 

The oxidation of the aldehyde to the acid possiblj’ maj' be explained as due to 
the activitj'- of liver xanthine-aldehyde oxidase, but this enzyme is relatively 
cyanide sensitive, and one would have to assume that the reaction takes place 
before complete inactivation of the enz 3 mie. This may be possible, since DLxon 
(13) states that the cyanide destruction of xanthine-aldehyde oxidase is lessened 
if enzyme and cj-anide are not allowed to incubate before the addition of the sub- 
strate. In our case the homogenate was added imraediatelj' before equilibration. 
Philpot (5), bj' adding uric acid, known to inhibit xanthine-aldehj’-de oxidase, 
was able to reduce the oxidation of tj'ramine by fifty per cent. We wish to em- 
phasize that our consideration of the possible function of xanthine-aldehyde oxi- 
dase in this reaction is purely speculative. 

It should be mentioned that, although xanthine-aldehj'de oxidase commonlj' is 
believed to function as a dehj’^drogenase after hj’dration of the aldehyde, appar- 
entlj’ neither pyruvate nor the cj^ochrome sj^stem is necessao' for transfer of 
hj'drogen atoms to ox 3 ^gen. 

One obtains additional corroboration of the theor3' postulated above b3' visual 
obsen’ation of the amount of reduction of c3’tochrome C in the vessels after the 
reaction has been completed as illustrated in figure 2, those vessels containing 
high concentrations of C3-anide showed no reduction of C3dochrome, demonstrat- 
ing the blocking of the mechanism of C3dochrome C reduction, whereas vessels 
containing dilute C3mnide showed reduced C3dochrome, indicating that cyto- 
chrome oxidase was not available for its oxidation, but that the reducing mecha- 
nisms remained intact. 

In addition to the oxygen uptakes discussed above, a third atom of oxygen per 
mole remains to be e.xplained. It has been noted previous^ that most often only 
2| atoms rather than three atoms, hax'e been recorded. Since it seems improb- 
able that the side chain of t 3 Tamine would be oxidized further than to the acid, 
one naturally would think of the phenol ring as the most likeb' site of oxidation. 
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The satisfactorj- explanation of oxj'gen uptakes greater than two atoms per mole 
under these conditions iidth tj-ramine as substrate awaits further investigation. 
Whatever the reaction, its inhibition bj' the products of oxidation is quite possible 
since we have noticed a markedly inhibitorj- effect on tyramine oxidation if 
p-hydroxyphenvlacetic acid Avere added. This probably Avould explain Avby tA\ o 
and one-half rather than three atoms of oxygen uptake usually have been noted. 

It Avould seem that, if our hypothesis be valid, tyramine should be oxidized 
anaerobically to the aldehyde. TVhen this oxidation Avas investigated by the 
Thunberg technique, it AA-as found that the oxidation of natural substrates in 
liver Avas so rapid that any dehydrogenation of tjuamine could not be seen. The 
determination of ammonia after incubation of the reaction mixture in an atmos- 
phere of nitrogen likcAvise failed to re\'eal eA-idence of tA’ramine oxidation. This 
may mean that the hydrogen acceptors are blocked by oxidation of natural sub- 
strates in this case also, or that Ave are in error as to the course of tyramine oxida- 
tion. The final elucidation awaits purification of the enzjmes involved. 

Thus it would seem, if the aboA'e hypothesis be true, that “amine oxidase” 
may be considered tobe a mixture of seA-eral enzj-mes — an “amine dehydrogenase”, 
lactic dehydrogenase, an enzyme capable of oxidizing p-hydroxy^phenylacetalde- 
hyde to the acid, and the CAriochrome-cytochrome oxidase sTOtem. This vieAv 
may help to explain the difficulties of purification, and the species differences 
noted by other AA’orkers. 

Further AA'ork is planned along the lines of purifying the components of the 
sj'stems invoh'ed, in the hope that more information may be obtained Avith regard 
to the amine oxidase, ndth the ultimate objective of purification of the 
dehydrogenase. 


SUMILARY 

The oxidation of tyramine by rat Ih^er homogenates in vitro is stimulated by 
cytochrome C, coenzj-me I, a-keto acids, methylene blue, and aluminum and 
calcium ions. A possible mechanism of reaction inA-olA-ing a coupled reaction be- 
tween a dehydrogenase (“amine oxidase”) Arith t3Tamine as substrate and the 
lactic dehydrogenase in the presence of pyruvate, the cytochrome-cytochrome 
oxidase sj-stem sen-ing as final path to oxygen, is described. This reaction is 
followed by oxidation of the p-hA'droxyphenylacetaldehyde to p-hydroxj’phenyl- 
acetic acid, possibty catatyzed bj' xanthine-aldehj'de oxidase. Oxidation of the 
ring of tyramine also is suggested. 
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INTEODUCrlON' 

In tFe course of an investigation of therapeutic agents in experimental leish- 
maniasis, two methods for the quantitative determination of antimony in biologi- 
cal material have been tried in this lahoratorj'; polarography (1), and the colorim- 
etric method utilizing rhodamine B (2, 3), Of these two methods the latter 
has, in our experience, provided the best combination of rapiditj", specificity, 
and accuracy. 

The experiments here reported were made to evaluate critically the reproduci- 
hilitj’ of antimony determinations bj' the rhodamine B method, and to determine 
the extent of the recovery of antimony when added to tissues in the form of several 
therapeutically important organic antimonials. The results have been analyzed 
by standard statistical procedures. 

Procedtoe. The procedure used is essentially that of Maren (3), with certain modifica- 
tions which in our experience led to greater reproducibility. 

1. Tissue, plasma, or urine is placed in 50 ml. Erlenmeyer flasks; 3 ml. of concentrated 
sulfuric acid, 5 ml. concentrated nitric acid are added, as well as 4 or 5 glass beads to mini- 
mize bumping. 

2. The samples are digested on an electric hot plate u hich is capable of providing graded 
heat increases. The digestion is carried out on ‘flow” (i.e. about ISO^C.) until charring 
occurs, or in the absence of charring, until the evolution of SOi fumes. If, during this stage , 
charring does occur, the flasks are removed from the hot plate, and, after cooling, an addi- 
tional 5 ml. of concentrated nitric acid are added and the procedure repeated. As fre- 
quently as charring occurs, the addition of 5 ml. of concentrated nitric acid is repeated until 
a colorless solution is present at the stage of SO, evolution. At this time, the heat is 
advanced rapidly to "medium" (about 260°C.) and then to “high” (about 340°C,), care 
being taken to avoid violent bumping. Not infrequently charring will occur when the heat 
IS increased and this necessitates j'et another nitric acid treatment and repetition of the 
procedure described above -Although the volume of nitric acid required in the digestion 
rarely exceeds 20 ml. .quantities of nitric acid up to 50 ml. have been used in a control blank 
without introducing a detectable reading after color development. When the digestion 
has been carried to the stage where the heat is on "high” and the solutions are colorless, the 
heating must be continued until all traces of nitric acid and its decomposition products 
have been removed. In our experience, a period of 2Q minutes has been found to be ade- 
quate to accomplish this. We believe that this is a critical factor in obtaining reproducible 
values. Control experiments have shown that the addition of as little as 0.02 ml. of con- 


' The work described in this paper was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and 
Columbia University, 
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centrated nitric acid to an unheated sample containing 6.0 micrograms of antimonj' results 
in as much as a SO per cent reduction in the final color developed. 

The analysis may be interrupted for an indefinite period at any stage up to this point 
but must be continued without delay after the next stage is begun. 

3. Three ml. of freshly prepared 1 per cent sodium sulfite are added, and the solution 
heated again until dense white fumes of SOa are produced, and for 5-16 minutes thereafter. 

4. The solution is cooled, 2.5 ml. of water are added and the flasks placed in an ice-water 
bath until the solution is at room temperature or below. 

5. 2.5 ml. of concentrated hydrochloric acid are added. It is essential that the solution 
be at room temperature or below during the addition of the HCl. Higher temperatures 
lead to erratic color development. Experience has shown that it is very difficult to cool the 
solution adequately when the hydrochloric acid is added directly to the concentrated sul- 
furic acid solution obtained from step 3. .4iCcordingly, the dilution step which produces 
most of the heat is carried out separately from the hydrochloric acid addition. 

6. One drop of ceric bisulfate’ (Ce(HSOj)() solution is added, the contents of the flask 
are well mixed, and the solution is allowed to stand in the ice-water bath for 2 minutes. 

Under the conditions here employed, one drop of ceric bisulfate solution yields an excess 
as indicated by the j'ellow color. More than 4 drops (0.1 ml.) may produce a reduction in 
the final color with rhodamine B. 

7. Eight ml. of 3 N phosphoric acid solution are added and the solution is well mi.xed. 

8. Five ml. of 0.02 per cent rhodamine B solution are then added with vigorous mixing. 
It is essential that thorough, continuous mixing of the reagents occurs; otherwise the in- 
tensity of color developed from a given quantity of antimony may be variable. The solu- 
tion is returned to the ice-water bath until it is below room temperature. 

9. The aqueous mixture is transferred as completely as possible to a 125 ml. separatory 
funnel, and exactly 10 ml. of benzene are added. The contents of the separatory funnel are 
shaken 400 times and the layers allowed to separate. The aqueous layer is drawn off and 
discarded; the benzene solution is transferred to a 15 ml. centrifuge tube and centrifuged 
lightly in a stoppered tube to remove small water droplets u hich, if dispersed in the benzene, 
tend to scatter light and give a falsely high value for the spectrophotomctric reading. 

10. The benzene solution containing the colored antimony-rhodainine B complex is 


poured into absorption cells of 1.0 cm. light path and the absorption, as logio j 


jS read directly off the scale of the Beckman photoelectric spectrophotometer.’ 


Results. Standard antimony calibration curve. Antimony trio.vide, SbaOj, 
was used for the standardization of the method. 119.7 mgm. of SbjOa were 
dissolved in 1 1. of 1 N HCl to give 100 micrograms of antimony per ml. This 
standard solution was further diluted, as required, with 1 N HCl to give a working 
solution containing 10.0 micrograms of Sb per ml. In every instance the de- 
termination was carried through e.xactly as described in Procedure above. The 
results of this part of the study are summarized in table 1 and figure 1. Table 
1 presents the number of observ'ations made at each amount of antimony, the 
mean density reading obtained on the Beckman spectrophotometer, and. the 
standard deviation of the readings at each amount of antimony. The size of 
this standard deviation indicates the reproducibility of the technique. From an 


’ One gram Cc(HSO<)< suspended in 100 ml. water plus one ml. of concentrated sulfuric 
acid to effect clear solution. 

’ The value logio ^ “ usually referred to in the chemical literature (4) as extinction, 
E. It is also referred to as "optical density”. 



quantitative determination of antimony 


161 


inspection of fhe individual standard de\dations it can be seen that there appears 
to be no systematic increase. In fact the 6 values do not differ significantly 
from each other since their variation from the average standard deviation of 

0. 024 could easily be due to chance as determined by a standard statistical pro- 
procedure, the Chi Square Test. This is fortunate since for ease of further an- 
alysis it will be convenient to work with a single value for the standard deviation 

1. e. 0.024. 

Figure 1 presents the mean Beckman readings of table 1 plotted against the 
corresponding amounts of antimony from 2.0 to 15.0 micrograms. The line •was 
obtained by the method of least squares taking the antimony values as fiixed so 
that the errors in the positions of the points is due to errors of technique in 
determining the Beckman value. The equation of the Ime is y = — 0.0435 -f- 
0.0653 X -adhere y is the density reading obtained from the Beckman spectro- 
photometer and X is the micrograms of antimony. It is to be noted that the 
observed mean density readings did not in every instance fall on the theoretical 


TABLE 1 

Average Beckman density readings with known amounts of antmony 



'Sum of squared deviations from mean 
No of readings — 1 


straight line lYhich relates the Beckman reading to the amount of antimony. 
This is particularly true at 6.0 and 8.0 micrograms of Sb. However, we have 
no evidence to indicate that a more complex description of the obsertmtions is 
justified since the remaining points do not deviate significantly from a straight 
line nor do the observations at 6.0 and 8.0 micrograms show a consistent devia- 
tion from the curr^e. 

In order to evaluate the error of the method in terms of the reproducibility^ 
of the values given by the line it is necessary to increase the S.D. of 0.024 because 
of the fact that the averages deviate from the calibration curve. In fact, the 
square of their deviation from the calibration cur\'e is 0.00031 on the average, 
so the adjusted S.D. is •>/ '(0.024)= + O.OOOSl = 0.029. This adjusted S.D. 
describes both the error in the precision of the method and the error introduced 
by the fact that the average obsenmtions do not fall precisely on the calibration 
curve. The light lines which parallel the calibration curve in figure 1 are 1 
standard deviation (0.029) above and below the line respectively. A line drawn 
parallel to the abscissa of the graph and joining the 2 standard deviation lines 







162 


A. GELLHORK, M. E. KRAHL AND J. AV. FERTIG 


enables one to read directly the variation of the method in terms of amounts of 
antimony. Thus it may be seen that at any point on the calibration curve 2 
standard deviations are equal to 0.8 micrograms of antimony. This means that 
the maximum error of the method in the range of 2.0 to 15.0 micrograms of anti- 
mony is db 1.0 micrograms Sb (i.e. 2.5 standard deviation units); in fact, 95 
per cent of the time the error will be no larger than ±0.8 micrograms Sb, and 
68 per cent of the determinations null fall within ± 0.4 micrograms of the correct 
value. 



MICROGRAMS ANTIMONY 

Fig. 1. Stakdard Antimont Caubbation Curve 

The light lines parallel to the heavy calibration line represent ±1 standard deviation. 
See the te.xt for a discussion of their significance. 

The standard errors of the intercept (—0.0435) and of the slope (0.0653) are 
so small that the position of the line is highly stable. It also follows from this 
that the S.D. (0.4 micrograms) is accurate. 

Another feature of the calibration curve that is to be noted is that it is not a 
rational curr'e since it does not pass through the zero point. The value —0.0435 
differs verj' signi6cantly from zero. We have no evidence to explain our observa- 
tion that between 0.0 and 2.0 micrograms of antimony the density readings do 
not bear the same proportionality to the amount of antimony as from 2.0 to 15.0 
micrograms antimony. We have not assessed the precision error from 0.0-2.0 
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micrograms and we have merely drawn the best free hand line in this range uti- 
lizing the available e\ddence at 1,0 microgram. l^Tierever possible, in experi- 
mental determinations, an attempt nnll be made to work with amounts of anti- 
mony greater than 2.0 micrograms. 

From figure l,the value of log y at 565 mji with 10 micrograms of antimony 
is 0.622 for a 1 cm. light path in the Beckman spectrophotometer. From figure 1 
of Maren’s paper (3) the value of log y at 565 m^ with 10 micrograms of 


antimony is about 0.5 for a 1.9 cm. light path in the Coleman No. 11 spectro- 
photometer; this would mean a value of about 0.26 for a 1 cm. light path. This 
apparent discrepancy between the present data and that of Maren arises from 
the difference in characteristics between the Beckman and the Coleman spectro- 
photometers. 

The absorption spectrum of the antimony-rhodamine B complex in benzene, 
as measured on the same solution (11.2 micrograms antimony) by the two in- 
struments, is given in figure 2. It will be seen that the Beckman, because of 
the fact that it employs a narrower slit than the Coleman, gives a much higher 


value of log , that iS a greater sensitivity at 565 per microgram of 


antimony. Thus, at 565 mu our values for the Beckman and Coleman are, re- 
spectively, 0.690 and 0.296 for 11.2 micrograms antimony, or 0.62 and 0.26 for 
10 micrograms of antimony. Thus, our value 0.26 with the Coleman checks 
exactly the Maren value of 0.26 per 1 cm. cell. 

One further implication of the data of figure 2 should be stressed. The steep- 
ness of the absorption curve makes it advisable to leave the wavelength scale 
set at 565 during the entire series of readings based on a given calibration curve, 
as relatively slight differences in setting may change the slope of the calibration 
curve significantly. 

Fecouery of antimony from tissue. There were two problems presented in this 
section of the work. First, it was necessary to determine whether the presence 
of tissue altered, in any way, the intensity of adsorption at 565 my exhibited by 
a given amount of antimony in the rhodamine B complex, and, second, it was 
necessary to determine whether the chemical state of the antimony, i.e., as in- 
organic antimony or as chemically bound antimonj" in the form of organic anti- 
moniah affected the final results. It was decided to investigate the recovery 
from tissues of the antimonj’’ of 4 therapeutically important organic antimony 
compounds: potassium antimony tartrate (tartar emetic), lithium antimony 
thiomalate* (Anthiomaline), diethylamino salt of sodium antimony gluconate® 
(Stibanose), and diethylamino p-aminophenylstibonate® (Neostibosan). Suitable 
aqueous dilutions of these drugs were made either on the basis of the chemical 


* Supplied by Merck and Co , Lot Xo. 41765; ilanufacturers analysis Sb — 1 0%. 

’ Supplied by Winthrop Chemical Co,, Lot. jfo 421A126; Manufacturers analysis Sb = 
2S 0%. 

* Supplied by Winthrop Chemical Co., I.ot Xo 377.\J; Alanufaclurors analysis Sb = 
40-42%. 
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formula or on information supplied to us by the manufacturer so that the con- 
centration of Sb was theoretically equal to 10.0 micrograms per ml. Eiiown 
amounts of drug antimony were added to samples of normal hamster liver. The 
liver was chosen as the standard tissue to assay the success of antimony recovery 
since in our preliminary experiments and in the literature (5) it has been found 
that the liver is the chief organ for the deposition of antimony. Quantities of 
liver ranging from 200-600 mgm. were used. For each drug, determinations were 
made at 2.0, 8.0 and 15.0 micrograms of antimony. The control series consisted 



WAVE LENGTH IN MILLIMICRONS 

Fig. 2. Values of Log Obtai.ved upon the Same 10 Ml. of Benzene Solution 

Containing the Amount of .Antimony-Rhod.amine B Complex For.med from 11.2 
Micrograms of Anti.monv under the Conditions Described in the Text 

The measurements designated and « O were made upon the Beckman and Coleman 

spectrophotometers, respectively. 

merely of the aqueous solutions containing the particular antimonial. Five 
control and five tissue determinations were made at each antimony value. Table 
2 summarizes the results of these experiments. Together with the drug and the 
amount of antimony, it presents the mean of the five density readings obtained 
with the Beckman spectrophotometer, the standard deviation of the five readings 
and Student’s t value for the difference between the control and tissue mean. 
This latter number waS computed in each instance in order to test the significance 
of the difference between the mean density reading of the “control” and of the 
“tissue” samples. In ever}- instance except 1 there is no significant difference 
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between the control and liver sample. At 2.0 micrograms of tartar emetic anti- 
mony there is a statistically significant difference between the mean values of 
the control and the liver samples. This was largely due to the fact that in this 
particular experiment the variation in the determination of both groups hap- 
pened to be very much less than in other experiments. Because of this the differ- 
ence between the means, though no greater than in many of the other compari- 
sons, proved to be statistically significant. 

In this series of experiments there was a systematic increase in the standard 
deviations of the Beckman readings as the amount of antimony was increased. 
It will be recalled that in the determination of the standard antimony calibration 

TABLE 2 


The delerminalion of antimony added to liver in the form of four therapeutically important 
organic antimonials compared with determinations of the same aniimonials in 
aqueous solution 



ANTniONY 

MEAN BECKMAN 
READING Of 
CONTROL 

S D • 

MEAN BECKMAN 

BEADING TISSUE 

SAMPLE 

S D • 

t 

Stibanose 

ftticroirams 

2.0 


0.011 

0.095 

0.007 

0.8 


8.0 


0.014 


0.022 

0.2 


15.0 

■■ 

0.033 

0.950 

0.017 

0.0 

Neostibosan 

2 0 

0.076 

0.008 

0.084 

0.008 

1.6 


8.0 

0 439 

0.019 

0.461 

0.015 i 

2.0 

j 

15.0 

0.890 

0.028 

0.884 

0.016 

0.4 

Tartar emetic 

2 0 ' 

0.084 

0.003 

0.105 

0.006 

7.4 


8.0 

0.531 

0.027 

0.508 

0.023 

1.4 


15 0 

0 992 

0.054 

0.956 

0.035 

1.2 

Anthiomaline 

2.0 

0 091 

0.009 

0.090 

0.006 

0.2 


8.0 

0.475 

0.020 

0.494 

0.012 

1.8 


15.0 

0.995 

0.029 

0.997 

0.026 

0.1 


Sum of squar ed deviations from mean 
No. of readings — 1 



Carve using Sb203 the readings seemed to be equally reproducible over the range 
from 2.0 to 15.0 micrograms of antimony. We have no explanation for the 
greater reproducibility in the antimony determinations at 2.0 and 8.0 micrograms 
seen in the tissue antimony recovery experiments. 

Discussion. The quantitative estimation of small amounts of antimony 
was first reported by Schidrowitz and Goldsbrough in 1911 (6). Their method 
was based upon the extraction of antimony by boiling with copper and concen- 
trated hydrochloric acid, the subsequent solution of the antimony and finally its 
conversion into the sulphide which is a lughly colored salt. The estimation was 
made by comparing the color of the unknown with standard antimony sulphide 
solutions. In their published report the authors give no data but they claim that 
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their method gives a recoverj’ of 70-80 per cent. The amount of antimony that 
Schidrowitz and Goldsbrough were interested in was about 100 micrograms. 

Beam and Freak (7) were unable to confirm the accuracy of the method of 
Schidrowitz and Goldsbrough, but bj' modif 3 dng the procedure as described 
by the latter authors and making the colorimetric comparisons in a Dubosq 
colorimeter, they reported a high degree of accuracj^ of recovery of antimony from 
urine. The range of their determinations was from 300 to 1000 micrograms. 

Brahmacbari (8) modiSed Beam and Frcakk method. A/though his published 
data are too scanty to allow critical evaluation, his reported ma.ximum error 
was of the order of one per cent in the range of 90-2700 micrograms. 

Boyd and Roy (9), unable to confirm Brahmachari’s method, adapted Gut- 
zeit’s method for arsenic determination to the estimation of antimony. This 
consists of the deposition of antimony sulphide on paper sensitized with mercuric 
chloride and comparing with standard antimony deposits. The effective range 
was found to be from 20 to 300 micrograms. The authors presented no experi- 
mental data in their report but stated that the error was 10 per cent. 

The methods thus far mentioned have one feature in common which, irrespec- 
tive of other factors such as accuracj' of recovery, made them unsuitable for our 
purposes. The effective range of antimony determinations in eveij' instance is 
higher than we expected to encounter in our e.xperimental studies. 

Goodwin and Page described a new technique for the determination of anti- 
mony which employs the polarograph (1). In their e.xperimental study of the 
excretion of organic antimonials they had occasion to determine amounts of 
antimony in the range of 2 to 10 micrograms as well as larger quantities. Al- 
though they do not present data on the evaluation of the method, they state that 
“under favorable conditions, the error does not exceed i 2 per cent over the 
concentration range 10"' to 10-^ ± 5 per cent over the range 10"’ and IQ-*, 
and ± 10 per cent over the range lO'* and 10"® G/lOO ml.” The polarographic 
technique has the distinct advantage over other methods in that it is possible, 
at least in principle, to distinguish between ten alent and quinquevalent anti- 
mony. This is particularly important in the in vivo study of the metabolism 
of organic antimonials. The outstanding drawback to the use of the polaro- 
graplric technique for antimonj^ determination is that one is so far limited to the 
e.xamination of plasma and urine. In our e.xperience, the pres'ehCi- of various 
as 3 mt unidentiBed substances in tissue digests lead to polarographic 'Pun-es which 
are difficult to interpret and are not necessarily reproducible. 

The most recent technique described for the determination of antimonj' in- 
volves the detection of radioactive antimony' incorporated into the desired 
antimonj’^ compound (10). Bradj' and liis associates state that “ in the range of 
0.25 to 40 micrograms of antimonj' the ma.ximum deviation was ± 3 per cent with 
an average deviation of 1 per cent.” From this statement it would appear that 
this method provides greater accuracj' than anj' other method used at the present 
time. The method is not practical for routine clinical use since it is necessary 
to sjmthesize the therapeuticallj’ important organic antimonials with the iso- 
topic antimonj'. 
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Frederick (2) adapted a qualitative test for antimony with rhodamine B to a 
quantitative method. He presents data on both the precision and also the ac- 
curacy of Sb recovery from tissue (dried beef) of the method Unfortunately 
his reported evaluation of the method covered only the range of 50 to 200 micro- 
grams of antimony. By recalculation of his results, it can be shown that from 
50 to 200 micrograms of antimony the error of the method is an absolute one; 
the standard deviation is 2 micrograms. From his statement that below 10 
micrograms of antimony the analysis results in values w'ithin 25 per cent of the 
true values, it would appear that a standard deviation of 2 micrograms of anti- 
mony may very well describe his analytical variation for the entire range from 1 
to 200 micrograms of antimony. 

Maren (3) states in his report that “on a series of digestions of blood (5 ml.), 
tissue, and urine with known amounts of antimony present, the extreme of varia- 
tion encountered w'as ± 0.3 microgram ” As Maren’s complete data are not 
yet available, it is at present not possible to compare his experience and ours upon 
a like number and type of determinations by the rhodamine B method. 

The rhodamine B method for antimony determination has several outstanding 
disadvantages The exact composition of the colored rhodamine B-antimony 
complex is not known (2) so that the kinetics and optimal conditions of the re- 
action can not be adequately studied. This leads to empiricism in the technique 
and probably accounts in part for the not inconsiderable error in precision. 
Also, as we have mentioned in the section on results, the calibration curve from 
0 to 2 micrograms is poorly defined and the accuracy of the method in this range 
is undoubtedly less than in the range of 2 to 15 micrograms. 

The advantages of the method are that it is simple to perform, does not re- 
quire elaborate apparatus, and can be used in routine clinical examinations as 
veil as in experimental investigations. It may be used for the determination of 
antimony in biological material with a precision equal to the determination of 
antimony in aqueous solutions Although the data presented here deal only 
vith the recovery of antimony from liver, it has been found that the same ac- 
curacy results when the recoverj' is made from plasma, urine, spleen, kidney, and 
intestinal contents. Finally, the rhodamine B method allows the determination 
of antimony in a range vhich is more suitable for distribution studies than is 
possible with the majority of other reported methods. 

SU5IMARY 

A technique for the quantitative determination of small quantities of antimony 
V ith rhodamine B has been described in detail. The precision of the method 
has been evaluated by making repeated determinations of antimony in the 
range from 2 0 to 15 0 micrograms and these results have been analyzed statis- 
tically. It has been found that within the above range the standard deviation 
is 0.4 micrograms of antimony. Thus, the maximum error of the technique 
(2 5 S.D. units) is ± 1 0 micrograms of antimony. 

The recovery of four organic antimonials from liver has been compared vith 
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their recovery from aqueous solutions and it has been found that the presence 
of tissue does not interfere mth the determinations. 

The disadvantages and advantages of the Rhodamine B method for antimony 
determination have been discussed. 
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The present extensive use of organic antimonials in the therapy of various 
tropical diseases has led to a renewed interest in the pharmacology of antimony 
in this country. Although considerable information is available on the distribu- 
tion and excretion of antimony (1, 2, 3), onlj’’ a few studies have been made utili- 
zing recent and reliable techniques for the determination of antimony (4, 5, 6). 
The material of this report presents the results of systematic studies on the dis- 
tribution and excretion of 2 tervalent and 2 quinquevalent, therapeutically im- 
portant organic antimonials; potassium antimony tartrate (tartar emetic), lith- 
ium antimony thiomalate (Anthiomaline''), diethylamino ethanol salt of sodium 
antimony gluconate (Stibanose’), and diethylamine p-aminophenylstibonate 
(Neostibosan^). The investigation was divided into three parts: 1) The distri- 
bution and excretion of antimony following a single injection, 2) The distribution 
and excretion of antimony following multiple injections, and 3) The distribution 
of antimony in chronic toxicity experiments. 

I. The msTHiBtnioN and excretion of antimony 24 hours after a singde 
INJECTION. 

Materials and methods. Because the results of the antimony studies were to be corre- 
lated with the investigation of chemotherapeutic agents in experimental leishmaniasis, the 
laboratory animal that was chosen for these studies was the hamster {Cricetulus auratus). 
Normal hamsters, about 8 weeks old, who had been maintained in the laboratory for 2 weeks 
or more on Rockland rat diet (D-free) supplemented with fresh greens and whole wheat 
bread were divided into groups of 5 at random. Following the intraperitoneal injection of 
the drug to be studied, the animals were placed in individual glass metabolism cages and 
allowed water ad libitum, but no food. The urine was collected under oil, and fecal con- 
tamination was prevented by a fine-meshed, copper screen which w as placed close under the 
stainless steel, wide-meshed floor of the cage so as to minimize leaching of the feces by the 
urine. Since both the floor of the cage and the underlying screen consisted of metal, it 
was considered possible that either antimony or some other metal which would lead to 
erroneous determinations in the antimony technique might contaminate the urine. To 
test tliis possibility, a normal, uninjected hamster was placed in a metabolism cage for 24 

'The work described in this paper was done under a contract recommended by the Com- 
mittee on Medical Research between the Office of Scientific Research and Development and 
Columbia University. 

' Supplied by the Chemical Laboratories of Merck and Company, Inc. Lot 41264. 

' Supplied by the IVinthrop Chemical Company, Lot 421-A126. 

* Supplied by the Winthrop Chemical Company, Lot 377 AJ. 
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their recover3’- from aqueous solutions and it has been found that the presence 
of tissue does not interfere Tvith the determinations. 

The disadvantages and advantages of the Rhodamine B method for antimony 
determination have been discussed. 
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The present extensive use of organic antimonials in the therapy of various 
tropical diseases has led to a renewed interest in the pharmacology of antimony 
in this country. Although considerable information is available on the distribu- 
tion and excretion of antimony (1, 2, 3), only a few studies have been made utili- 
zing recent and reliable techniques for the determination of antimony (4, 5, 6). 
The material of this report presents the results of systematic studies on the dis- 
tribution and excretion of 2 tervalent and 2 quinquevalent, therapeutically im- 
portant organic antimonials: potassium antimony tartrate (tartar emetic), lith- 
ium antimony thiomalate (Anthiomaline^), diethylamino ethanol salt of sodium 
antimony gluconate (Stibanose’), and diethylamine p-aminophenylstibonate 
(Neostibosan*). The investigation was divided into three parts: 1) The distri- 
bution and excretion of antimony following a single injection, 2) The distribution 
and excretion of antimony following multiple injections, and 3) The distribution 
of antimony in chronic toxicity experiments. 

I. The nisTRiBUTioN anb excretion of antimony 24 hours after a single 
INJECTION. 

Materials and methods. Because the results of the antimony studies were to be corre- 
lated with the investigation of chemotherapeutic agents in evperimental leishmaniasis, the 
laboratory animal that was chosen for these studies was the hamster {Cricetulus auratus). 
Normal hamsters, about 8 w eeks old, who had been maintained in the laboratory for 2 weeks 
or more on Rockland rat diet (D-free) supplemented wnth fresh greens and whole wheat 
bread were divided into groups of 5 at random. Following the intraperitoneal injection of 
the drug to be studied, the animals were placed in individual glass metabolism cages and 
allowed water ad libitum, but no food. The urine was collected under oil, and fecal con- 
tamination was prevented by a fine-meshed, copper screen w hich w as placed close under the 
stainless steel, wide-meshed floor of the cage so as to minimize leaching of the feces by the 
urine. Since both the floor of the cage and the underlying screen consisted of metal, it 
was considered possible that either antimony or some other metal which w'ould lead to 
erroneous determinations In the antimony technique might contaminate the urine. To 
test this possibility, a normal, uninjected hamster was placed in a metabolism cage for 24 
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mittee on Medical Research betw een the Office of Scientific Research and Development and 
Columbia University. 
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’ Supplied by the Wmthrop Chemical Company, Lot 421-A126. 

‘ Supplied by the Winthrop Chemical Company, Lot 377 AJ. 

169 



170 


A. GELLHOHN, N. A. TUPIKOVA AND H. B. VAN DYKE 


hours and the urine subsequently carried through the routine antimony determination. 
No antimony could be detected although the method used is sensitive to 1 microgram (7). 

Twenty-four hours after tlie injection of the antimonial, the animals were sacrificed by 
severing the spinal cord in the cervical region. The organs were immediately weighed and 
either the entire organ or aliquots were taken for the antimony analysis. The contents of 
the entire intestinal tract, removed by stripping the gut, were added to the feces. This 
material was then dried in an oven at 100°C. for 24 to 48 hours. After the dried intestinal 
contents had been weighed they were ground in a mortar until a homogeneous mixture was 
obtained. Aliquots of the ground material were taken for antimony analysis. The urine 
was diluted with distilled water to a suitable volume so that the antimony analysis fell 
within the useful range of the method. 

The amount of each drug to be injected was between 10 and 20 per cent of the murine 
LD50. Thus, the following schedule of doses was used: tartar emetic, 10 mgm. per kgm. 
body weight ; Anthiomaline, 5 mgm. Sb per kgm. bodj' weight ; Stibanose, 500 mgm. per kgm. 
body weight; and Neostibosan, 100 mgm. per kgm. body weight. The drugs were dissolved 
in, or diluted (in the case of Anthiomaline) with, isotonic saline and the concentration 
adjusted so that 1 ml. of the drug solution was injected per 100 body weight. 

The rhodamine-B method was utilized in the determination of the antimony content of 
the tissues, urine, and intestinal material. (All analyses were made in duplicate unless the 
amount of tissue available was too small.) The technique and evaluation of the method 
have been described in detail (7,8). In brief, the antimon 3 ’ analj'sis on biological material 
consists of destruction of organic substances bj’ digestion with concentrated sulfuric and 
nitric acids. Following digestion, a colored rhodamine B-antimonj' complex is formed in 
the presence of excess chloride ion. The antimony-dj’e complex is removed from the 
aqueous solution by extraction with benzol. The optical density of the benzol solution is 
measured in the Beckman spectrophotometer at a wave-length of 565 millimicrons, and this 
is compared with a previousl}’ determined calibration curve relating optical densitj' of the 
rhodamine B-Sb complex to known amounts of antimon 3 ’. 

Results and comment. Table 1 presents a summarj^ of the e.vperiniental findings 
expressed as averages, together with the standard deviation (S.D.) in each in- 
stance to indicate the range and distribution of the individual determinations 
about the mean. Inspection of the table reveals several distinct differences in 
the behavior of the 4 organic antimonials investigated. The amount of antimony 
injected, which was arbitrarilj' set at a proportion of the murine LD50, is strik- 
ingly different between the tervalent compounds tartar emetic and Anthiomaline 
on the one hand, and the quinquevalent antimonials, Stibanose and Neostibosan 
on the other. Thus more than 40 times as much antimony 3vas injected into the 
animals recehdng Stibanose than into those recei\Tng tartar emetic. There is 
much less variation in the dosage of antimonj’- 33'hen the comparison is made be- 
t33’een the two teivalent compounds or the two quinquevalent compounds. 
This observation of the relative toxicities of tervalent and quinquevalent anti- 
mony agrees with previous clinical and experimental e.\'perience (3, 9). Because 
the amount of quinquer-alent antimony injected exceeded so greatly the dose of 
tervalent antimonj- it 3vas thought that the distribution of the quinquevalent 
antimonj' in the body might differ from that of the tervalent antimony merely 
owing to the large amount administered. For this reason another group of 5 
normal hamsters was given a reduced dose of Neostibosan intraperitoneally so 
that the amount of antimonj- injected would be comparable to the dose of tartar 
emetic antimonj-. The findings in these animals are summarized in table 1 and 
figure 1 under Neostibosan B. 



distribution and excretion of antimonials 


171 


The concentration of antimony attained in the liver reveals a significant 
difference in the behavior of and Sb'". It is apparent from table 1 that the 

TABLE 1 


The tissue distribution and excretion of antimony in normal hamsters twenty-four hours 
following a single intraperitoneal injection of four organic antimony compounds 
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Fig. 1. The Tissue Distribution and Excretion of Antimony in Normal Hamsters 
Twenty'-four Hours following a Single Intraperitoneal Injection of 
Four Organic Antimonials 

The results are expressed as percentages of the total dose of antimony administered. 
For a discussion of the significance of the histograms labelled Xeostibosan A and Neosti- 
bosan B, see the text. 


concentration, or total amount of antimony in the liver is not primarily dependent 
upon the amount of antimony injected. Thus, there is no significant difference 
between the concentration or total mgm. of antimony in the animals receiving 
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hours and the urine subsequentl 3 ' carried through the routine antimony determination. 
No antimonj' could be detected although the method used is sensitive to 1 microgram (7). 

Twentj'-four hours after the injection of the antimonial, the animals were sacrificed by 
severing the spinal cord in the cervical region. The organs were immediately weighed and 
either the entire organ or aliquots were taken Xor the antimonj' analysis. The contents of 
the entire intestinal tract, removed by stripping the gut, were added to the feces. This 
material was then dried in an oven at 100°C. for 24 to 48 hours. After the dried intestinal 
contents had been weighed they were ground in a mortar until a homogeneous mixture was 
obtained. Aliquots of the ground material were taken for antimonj’ analysis. The urine 
was diluted with distilled water to a suitable volume so that the antimony analj’sis fell 
within the useful range of the method. 

The amount of each drug to be injected was between 10 and 20 per cent of the murine 
I.D50. Thus, the following schedule of doses was used: tartar emetic, 10 mgm. per kgm. 
body weight; Anthiomaline, S mgm. Sb per kgm. bodj' weight; Stibanose, 500 mgm. per kgm. 
body weight; and Neostibosan, 100 mgm. per kgm. body weight. The drugs were dissolved 
in, or diluted (in the case of Anthiomaline) with, isotonic saline and the concentration 
adjusted so that 1 ml. of the drug solution was injected per 100 body weight. 

The rhodamine-B method was utilized in the determination of the antimonj' content of 
the tissues, urine, and intestinal material. (AH analyses were made in duplicate unless the 
amount of tissue available waa too small.) The technique and evaluation of the method 
have been described in detail (7, 8). In brief, the antimonj’ analysis on biological material 
consists of destruction of organic substances by digestion with concentrated sulfuric and 
sitrh ssSJs. A'easWo®, a colored rkodsrsiae 3-sstlaioay caaiplex- is lorzaed io 

the presence of excess chloride ion. The antimonj'-dj’e complex is removed from the 
aqueous solution by extraction with benzol. The optical density of the benzol solution is 
measured in the Beckman spectrophotometer at a wave-length of 565 millimicrons, and this 
is compared with a previously determined calibration curve relating optical densitj’ of the 
rhodamine B-Sb complex to known amounts of antimonj’. 

Results and comment. Table 1 presents a summarj’ of the e.vperimental findings 
repressed as averages, together with the standard deviation (S.D.) in each in- 
stance to indicate the range and distribution of the individual determinations 
about the mean. Inspection of the table reveals several distinct differences in 
the behavior of the 4 organic antimonials investigated. The amount of antimony 
injected, which was arbitrarily set at a proportion of the murine LD50, is strik- 
ingly different betw’een the ten’alent compounds tartar eruetic and Anthiomaline 
on the one hand, and the quinquevalent antimonials, Stibanose and Neostibosan 
on the other. Thus more than 40 times as much antimony was injected into the 
animals receiving Stibanose than into those recei\’ing tartar emetic. There is 
much less variation in the dosage of antimony when the Comparison is made be- 
tween the two tervalent compounds or the tw’o quinquevalent compounds. 
This observation of the relative to.vicities of ten’alent and quinquevalent anti- 
mony agrees with pre\’ious clinical and e.xperimental experience (3, 9). Because 
the amount of quinquevalent antimony injected exceeded so greatly the dose of 
ten’alent antimony it was thought that the distribution of the quinquevalent 
antimony in the body might differ from that of the ten’alent antimonj’ merely 
owing to the large amount administered. For this reason another group of 5 
normal hamsters was given a reduced dose of Neostibosan intraperitoneallj’ so 
that the amount of antimonj' injected would be comparable to the dose of tartar 
emetic antimonj’. The findings in these animals are sumrnarized in table 1 and 
figure 1 under Neostibosan B. 
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The concentration of antimony attained in the liver reveals a significant 
difference in the behavior of Sb^^^ and Sb'^. It is apparent from table 1 that the 

TABLE 1 

The tissue distribution and excretion of antimony in normal hamsters tmenly-four hours 
following a single intrapcritoneal injection of four organic antimony compounds 
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Eig. 1. The Tissue Distribution and Excretion of Antimony in Normal Hamsters 
Tm-entt-four Hours following a Single Intraperitoneal Injection of 
Four Organic Antimonials 

The results are eimressed as percentages of the total dose of antimony administered. 
For a discussion of the significance of the histograms labelled Neostibosan A and Neosti- 
bosan B, see the text. 

concentration, or total amount of antimony in the liver is not primarilj' dependent 
upon the amount of antimony injected. Thus, there is no significant difference 
between the concentration or total mgm. of antimony in the animals receitong 
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tartar emetic or Stibanose, yet more than 40 times as much quinquevalent anti- 
mony was administered than tenmlent antimony. Proportional to the total 
Sb injected, tervalent antimony localizes in the liver to a greater extent than 
Sb^. It can also be seen that the reduction in the dose of Sb'" in “Neostibosan 
B” does not alter the discrepancy in the localization of antimony between Sb'^' 
and Sb'". Although Sb^^^ accumulates to a greater extent in the liver relative 
to the dosage than Sb'", it is to be noted that valency is not the only factor de- 
tennining the e.vtent of localization of the antimony in this organ. The varia- 
tion between the liver distribution of the antimony of Stibanose and Neostibosan 
cannot be explained on the basis of the total antimon 3 ’' injected or on the valency; 
for, althougli they are both quinquevalent antimonials, and even though the 
amount of antimonj'' injected is smaller in the experiments with Neostibosan, 
there is greater antimon 5 ^ concentration in the liver ^vith this drug. 

The concentration and total amount of antimonj' in the spleen show another 
difference between Sb^'^ and Sb'". Folloning a single therapeutic injection of 
the 4 drugs only traces of antimonj' are present in the spleen when tartar emetic 
or Authiomaline are used whereas an appreciable concentration of Sb'" is attained 
with the other two drugs. That this is in part explicable on the basis of the total 
amount of antimonj' injected is shown bj' the fact that with “Neostibosan B” 
onlj' traces of antimony were found in the spleen. However, as will be seen sub- 
sequentlj", even following repeated ad minis tration of the drugs, the difference 
in splenic antimony concentration between Sb’” and Sb'" persists. As in the 
case of the liver determinations, the Neostibosan antimony localizes to a greater 
extent in the spleen than does the antimony of Stibanose. 

The total amount of antimony which is present in the kidneys following a 
single injection of a therapeutic dose is a small part of the total amount of an- 
timony administered in all cases. The Sb'" of Neostibosan localizes in the kid- 
neys to the greatest extent in absolute as well as amounts relative to the antimonj' 
dose. 

The most striking differences in the behavior of Sb’” and Sb'" in the body are 
revealed in the results of the antimonj' excretion determinations summarized 
under the columns “Average Total Sb Urinarj' Excretion” and “Average Total 
Sb E.xcretion in Intestinal Contents” of table 1. It can be seen that the major 
portion of Sb' excretion is accomplished bj' the kidnej'S, whereas the Sb’” is 
removed from the bodj’ in the intestinal contents. Although we have no un- 
equivocal evidence as to the mechanism whereby tervalent antimonj' reaches the 
intestinal contents, the high concentration of antimony in the liver would in- 
dicate that the Sb’” gains access to the intestine in the bile. We have not seen 
any reports of studies in man in which the e.xcretion of antimony in the intestinal 
contents was determined ; however, Goodwin’s investigation of the urinary elim- 
ination of Sb' and Sb”’ in man (6) and also our own determinations of the renal 
excretion of antimonj' in human patients (10) show a similar difference in the 
relative amount of tervalent and quinquevalent antimonj' excreted bj' the Wd- 
nej'. It seems likelj', therefore, that in man the excretion of Sb’” and Sb' in 
the intestinal contents is similar to that seen in our experimental animals. 
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In table 1 we have presented and discussed the distribution and excretion of 
antimony in terms of the absolute amounts of antimony involved. Figure 1 
presents the distribution and excretion of antimony expressed as percentages of 
the total antimony injected and also shows the percentage of antimony in each 
instance which is unaccounted for. As has been explained above, Neostibosan 
A presents the results in those animals receiving an amount of drug calculated on 
the basis of 10-20 per cent of the murine LD50, while Neostibosan B summarizes 
the findings in the animals receiving a reduced dose of Neostibosan such that the 
total amount of Sb injected is comparable to the amount of antimony adminis- 
tered to the hamsters receiving tartar emetic. For practical reasons it was not 
feasible to represent very small percentages on the histogram so that we have 
omitted the per cent of the total antimony administered which is localized in the 
spleen and kidneys in every instance. 

The difference in the method of excretion of tenmlent and quinquevalent 
antimony can be readily seen in figure 1. It is apparent that the kidney is the 
principal channel for the excretion of Sb\ whereas elimination of Sb*** in the 
intestinal contents is the major route of elimination. It is also to be noted that 
in spite of the marked difference in the dose of Sb^ given to the animals repre- 
sented by “Neostibosan A” and “Neostibosan B”, the distribution and excretion 
of antimony is not significantly different in the two series of experiments. Figure 
1 also shows the average per cent of the total antimony administered which was 
not recovered. In preliminary experiments only traces of antimony were found 
in the brain, plasma, heart, lungs, and muscle. We therefore have discovered 
no major depot of antimony which would account for the substantial percentage 
of the metal which we failed to recover, although extensive localization in skin, 
bone or erythrocytes has not been ruled out. 

II. The distribution and excretion of antimony after multiple injec- 
tions. 

Materials and methods. Because of the limitation of time and because of the large num- 
ber of antimony determinations required in this experiment, it uas decided to investigate 
only 1 tervalent antimonial, tartar emetic, and 1 quinquevalent antimonial,.Stibanose. As 
before, the hamster {Cricetulus auralus) uas the experimental animal Five normal ham- 
sters of a comparable age and veight were utilized for the investigation of each drug. They 
Were placed in individual metabolism cages and the urine and feces were collected sepa- 
rately. The animals were allowed food and water ad libitum. The drugs were injected 
intraperitoneally daily for 7 daj-s, the daily dose was the same as that administered in the 
experiments reported in Section I, i e , tartar emetic, 10 mgm per kgm body weight; Sti- 
banose, 500 mgm. per kgm body weight Twenty-four hours after the seventh injection, 
the animals were sacrificed and tissues, urine, and feces were taken for antimony analysis 
as has been described above 

Results and comment. The antimony determinations are summarized in 
table 2. The results in each instance are expressed as averages together with 
the value of the standard deviation to describe the range of the individual de- 
terminations and also the distribution about the average. 

Inspection of the findings summarized under Liver show a greater concentra- 
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tion of tervalent antimony relative to the total antimony administered than 
quinquevalent antimony. Thus, although more than 40 times as much Stibanose 
Sb was injected as Tartar emetic Sb, the concentration and total amount of an- 
timony are only about twm and a half times as great in the animals receiving 
Stibanose. However, the present findings would indicate that the relative rate 
of cumulation of antimony in the liver following repeated injections is higher in 
the case of Stibanose than tartar emetic. 

In the 7 day experiments the total amount of Stibanose antimony in the spleen 
and kidneys is maintained at the same level proportional to the total amount of 
antimony injected that ■was observed follo'wing a single injection. Following 
multiple injections of tartar emetic only traces of antimony were found in the 
spleen and the total amount in the kidneys was minimal. As can be seen from 
table 2 only traces of antimony were detected in the heart, lungs, and muscle 
in the experiments mth tartar emetic, and only very small amounts of antimony 
in the case of Stibanose. Two other tissues were also examined, plasma and 
brain, but ■with both drugs only traces of antimony could be found. As in the 
experiments following a single injection of an antimonial, it can be seen that the 
major portion of the tervalent antimony is excreted in the intestinal contents (52 
per cent of the tartar emetic antimony) and 90 per cent of the Stibanose antimonj^ 
is eliminated in the urine. 

III. The tissue distribution of antimony in chronic toxicity experi- 
ments. 

Materials and methods. As in the previous series of experiments, the hamster was the 
experimental animal. Sixteen normal animals of comparable age and weight were divided 
at random into 4 groups of 4 animals. Intraperitoneal injections of the 4 drugs, tartar 
emetic, Anthiomaline, Stibanose, and Neostibosan were given once daily until the animals 
died. 

The initial dosage schedule was the same as that utilized in the previous experiments, 
i e. Tartar emetic, 10 mgm. per kgm.; Anthiomaline, 5 mgm. Sb per kgm.; Stibanose, 500 
mgm. per kgm. ; and Neostibosan, 100 mgm. per kgm. With all of the drugs it was necessary 
to increase the dosage because the animals showed no evidence of toxic effect as determined 
by weight loss. The time and change of dose nill be indicated in the presentation of the 
results. The hamsters xvere weighed at weekly intervals and the dosage of the drug was 
adjusted according to the weight changes. The animals were allowed a normal diet and 
water ad libitum. 

When death occurred, a complete autopsy was performed and tissues were secured for 
the determination of the antimony content. The method of analysis was that used in the 
other series of experiments described above. 

Results and comment. Figure 2 shows the changes that occurred in the weights 
of the animals and also indicates the time at which the initial dosage was ad- 
justed. As can be seen, during the first 2 weeks the daily injection of the drugs 
in the dosage given produced negligible changes in weight. Due to the 
limitation of time it was decided to increase the dosage. This change in the 
amount of drug injected is indicated on the graph. In the case of Anthio- 
maline an error was made in diluting the drug so that twelve times the initial 
dosage was injected rather than the planned increase of three times. This, it 
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is apparent, was an acutely toxic amount of the drug and all of the animals died 
■ndthin 48 hours after its administration. These data on Anthiomaline are in- 
cluded since they show that an overwhelming dose of Anthiomah'ne preceded 
by 13 smaller doses leads to no marked deposition of antimony in such organs 
as the heart, brain and lungs. The new dosage level for tartar emetic and Sti- 
banose quickly proved toxic as is indicated by the progressive weight loss. It 
was necessary to increase the dosage of Neostibosan twice during the e.xperiment 
in order to produce a continuous weight loss. 



DAYS OF DRUG ADMINISTRATION 

Fig. 2. The Change in Boor Weight of Nob-mal Hamsters Receiwng Chronic 
Injectio.ns op Pour Organic Antimonials Plotted against Time 

The final value in each instance is the body weight at the time of death. The changes 
in the dosage schedule of each drug is indicated. 

The distribution of antimony in the various tissues of the body, together with 
other pertinent data, is summarized in table 3. The greater toxicitj’’ of tervalent 
antimonials over the Sb' compounds is clearlj’’ seen when the total amount of 
antimony injected is compared for the four drugs. As has already been men- 
tioned, the difference in toxicity between Sb^'^ and Sb' is well known. It was 
hoped that an e.xamination of the tissue localization of antimony in chronic tox- 
icity experiments might e.xplain the reason for this difference. We were therefore 
particular!}' interested to determine whether there was a greater concentration 
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of in some vital structure ivhich might account for the discrepancj' in tox- 
icity. It can be seen from table 3 that only very small amounts of antimony 
were found in the kidneys, heart, lungs, or hrain in those animals receiving tartar 
emetic or Anthiomaline, and ivere always less than those found following the 
injection of the quinquevalent compounds. In these experiments as in those 
described in the foregoing paragraphs, the greatest localization of antimony 
occurred in the liver. It is to be noted, however, that the concentration or total 
amount of antimony present in the liver at the time of death is in no ivise com- 
parable in the experiments with the various drugs. Not only is the amount of 
antimony in the liver very different between the tervalent and quinquevalent 
drugs but even in the experiments with Stibanose and Neostibosan the amount 
of antimony in the liver at the time of death is markedly dissimilar. 

It is interesting to note that, on the average, the per cent of the total antimony 
injected which was found in the liver is: tartar emetic, 2.4 per cent; Anthiomaline, 
5.7 per cent; Stibanose, 0.3 per cent; and Neostibosan, 1.9 per cent. These 
percentages are, with the exception of Stibanose, considerably smaller than those 
found following a single injection. 

There are two other obsen’^ations in these experiments which are to be noted. 
It will be recalled that following the single injection of the tervalent antimonials 
only traces of antimony were found in the spleen as compared with the appreci- 
able quantities which localized there in the case of the quinquevalent compounds. 
Similarly following a week of injections only traces of Sb were recovered from the 
spleen in the animals receiving tartar emetic. In the chronic toxicity experi- 
ments, too, the total amount in this organ is minimal. Attention is called to the 
observations because they would indicate that tervalent antimonials in non- 
toxic doses might not be therapeutically effective against those infections which 
localize to any great extent in the spleen. 

The concentration of antimony in the muscle is such that, on the assumption 
that this tissue comprises 45 per cent of the body weight in rodents (11), 10-15 
per cent of the total antimony injected would be localized in muscle. 

Discussion. The experiments on the distribution of antimony in the body 
following single or multiple injections of ter\'alent or quinquevalent antimonials 
have clearly shown that there is a very unequal tissue distribution of the injected 
antimony. In the case of the tervalent compounds, tartar emetic and Anthio- 
malme, the liver is the only organ in which there is a considerable deposition of 
antimony follow’ing a single injection and even after daily injections of tartar 
emetic for one week the liver continues to be the only important site of antimony 
localization. Following the injection of the quinquevalent antimonials Stibanose 
and Neostibosan, the liver also retains the greatest amount of antimony, hut 
appreciable quantities are also found in the kidneys and a high antimony concen- 
tration is present in the spleen although the total amount is low due to the small 
weight of the organ. The more extensive distribution of quinquevalent antimony 
may in large part be explicable on the basis of the verj' much greater amount of 
antimony which can he injected without causing acute toxic changes. Irrespec- 
tive of the explanation for the difference in the distribution of the antimony 



178 


A. GELLHORN, N. A. TUPIKOVA AND H. B. VAN DYKE 


following administration of ten'alent or quinquevalent compounds, the fact 
remains and these results would indicate that the quinquevalent antimonials 
would have greater chemotherapeutic applicability if the particular pathogenic 
organism is equal]5’' susceptible to either Sb*” or Sb^ compounds. 

It has been found that antimony is removed from the body directly by way of 
the intestinal tract (most probablj' by biliary excretion) when tartar emetic or 
Anthiomaline is administered and that urinary excretion accounts for the major 
antimony elimination following injection of Stibanose or Neostibosan. As has 
been mentioned in the foregoing sections, the available evidence on antimony 
excretion in man indicates that the same fundamental mechanisms of antimony 
excretion are applicable both to the hamster and man. If this is correct, then 
it is clear that impairment in renal function might lead to a rapid accumulation 
of antimony in the body following administration of Sb^ compounds, and that a 
similar situation might exist following injection of Sb^'* compounds in the pres- 
ence of inadequate hepatic function. 

The distribution of antimony in the body in the chronic toxicity experiments 
is disappointing in that it has not provided positive evidence to e.xplain the greater 
toxicity of tervalent compounds over quinquevalent antimonials. However, 
the results do provide answers to a number of questions which were raised when 
it was decided to investigate this problem. 

I. It has been established that there is no common critical concentration of 
antimony which must be reached in any vital organ to produce death (table 3). 
For example, if the value of 1 be given to the concentration in the liver at the 
time of death of the animals receiving tartar emetic, the antimony concentration 
in the liver of the hamsters receiving Anthiomaline at a comparable time is 3.6; 
for Stibanose, 8.6; and for Neostibosan, 44. 

II. It is apparent that follouang chronic injections of these drugs, whether 
they contain Sb^** or Sb'", there is no gradual, marked accumulation of antimony 
in such organs as the kidneys, heart, lungs, or brain which would unquivocally 
explain the lethal outcome. 

III. It was considered possible that the absolute level of the antimony in vital 
structures might be of less importance than the rate at which the antimony 
accumulated in these structures. When, however, the total antimony present 
in the liver, for e.\'ample, is plotted against time utilizing the results of the experi- 
ments after a single injection, after seven injections, and after chronic injections, 
it can be shown that the slope of the curves thus obtained is steepest with 
Stibanose intermediate with I^eostibosan and lowest nith tartar emetic. It must 
be concluded, therefore, that there is no correlation between the rate of antimony 
accumulation in the organs of the body and the toxicity of the compounds. 

IV. Goodwin and Page (6) have obser\’ed by a polarographic technique that 
there was a conversion of injected Sb'’ to Sb”* in the liver of rabbits and mice. 
By this technique it is impossible to state the proportions of the total antimony 
present in the liver which are in the quinquevalent and ten'alent state. The 
method of antimony determination used in our experiments does not distinguish 
between Sb*'* and Sb' but does permit an accurate estimation of the total 
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quantity of antimony present. On the basis of our observations at the time of 
death foilo'wing repeated injections of tervalent and quinquevalent antimoniais, 
it would appear unlikely that the reduction of Sb''^ to Sb^*^ takes place to a great 
extent or with very great rapidity because if tlus did occur the total amount of 
antimony present in the organs would be expected to be more closely alike m 
everj' instance. This is in agreement with the conclusions of Goodwin and Page. 

Reasoning by analogy with the arsenicals (12) has led to the supposition that 
Sh^'* compounds are more toxic because the antimony in this valency can com- 
bine directly with the sulfhydril groups of intracellular enzymes whereas the 
antimony of quinquevalent compounds would have to undergo preliminary re- 
duction to Sb'** before toxic manifestations could appear. Although the evi- 
dence that we have obtained cannot contradict this hypothesis, the very great 
variation in the total amount of antimony present in the tissues at the time of 
death following the injection of the various drugs makes this theory less attrac- 
tive. To gain an insight into the mechanism of toxicity of organic antimoniais 
and also better to understand variation in therapeutic activity of these drugs, 
it would be advantageous to know to what extent the antimony dissociates from 
the parent molecule in the body. This knowledge is not available at the present 
time although Calvin and Wilson (13) have recently demonstrated that it is 
possible to determine this experimentally in their investigation of copper chelate 
compounds. 


SUMMARY 

Following a single injection of four therapeutically important organic anti- 
moniais, tartar emetic, Anthiomaline, Stibanose and Neostihosan, it was found 
that the antimony is localized to the greatest extent in the liver with all drugs; 
a high concentration of antimony is attained in the spleen in the case of the quin- 
quevalent compounds, Stibanose and Neostibosan, whereas the anthnony of the 
tervalent antimoniais can only be detected in traces in this organ. This may be 
due to the relatively smaller amount of antimony injected in the experiments 
with tartar emetic and Anthiomaline which was dictated by the greater toxicity 
of these drugs over Stibanose and Neostibosan. The major portion (50 per 
cent) of the antimony of tartar emetic and Anthiomaline is excreted in the in- 
testinal contents (probably by way of the bile), while the antimony of the quin- 
quevalent antimoniais is chiefly removed from the body by the kidneys. 

Following 7 daily injections of tartar emetic and Stibanose there was an ab- 
solute increase in the total amount of antimony in the liver; however, the per- 
centage of the total dose of antimony administered did not increase in the case 
of Stibanose and was smaller in the experiments with tartar emetic. In spite 
of the repeated doses of tartar emetic only traces of antimony were found in the 
spleen. The excretion of antimony in the seven day experiments was comparable 
to that observed following a single injection of Stibanose or tartar emetic. 

In a series of experiments daily injections of the four drugs were made until 
chronic toxic manifestations and finally death occurred. The greater toxicity 
of tervmlent over quinquevalent antimoniais w as clearly demonstrated as shown 
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by the larger amount of antimony that was required to produce a lethal effect 
in the experiments with Stibanose and Neostibosan. The tissue distribution of 
antimony at the time of death did not, however, afford an explanation for the 
difference in toxicity of the two groups of compounds. The amount of antimony 
in the liver (which contained more antimony than any other oigan e.xamined) 
varied markedly from one drug to another. Further, it was found that there was 
no marked accumulation of antimony in other vital organs such as the heart, 
brain, or lungs with any of the drugs. 

The implications of the findings with respect to mechanisms of toxicity such 
as rate of antimonj'- accumulation in the liver and the conversion of Sb'" to Sb^^^ 
are discussed. 
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When filaria-infected cotton rats are treated intensively with any of several 
antimony preparations, the adult filarias {L/ilomosoides carinii) are killed within a 
few days and circulating microfilariae gradually decrease in number thereafter 
until they finally disappear (1,2). When certain of these drugs are administered 
intensively to human cases of filariasis {Wuchereria hancrofii), gradual and 
apparently' permanent reduction in the microfilaria level of the blood to zero is 
likewise seen (3, 4), and, presumably, the adult filarial parasites in man also are 
killed by the drug. It appears, therefore, that the naturally-occurring filariasis 
of the cotton rat is a good medium for testing drugs for potential action in human 
filarial infection. 

Smee 1937, a compound of pentavalent antimony originally«known as solusti- 
bosan and now called stibanose^ has been employed to a limited extent in the 
treatment of leishmaniasis (5-8). It has also been tried without apparent sig- 
nificant effect, in a few cases of filariasis bancrofli (9). In the hands of all who 
have used it, stibanose has invariably' caused only the slightest reactions, if any 
whatever, and itissafetosay that larger doses of stibanose, in terms of antimony, 
than of any other antimony compound available can be administered to patients 
without inducing unfavorable reactions. The drug is readily soluble in water, 
making a colorless solution which, unlike practically all other compounds of 
pentavalent antimony, can be given intramuscularly without local injury to 
tissues. 

In order better to evaluate the potentialities of stibanose for treating human 
filarial infection, the authors have in a preliminary study employed stibanose to 
treat the filariasis of cotton rats. As will be seen from the data, it is possible to 
eradicate this infection from these animals by administering a few doses of 
stibanose. 

Materials and methods. The animals used. Cotton rats naturally infected 
with Litomosotdes carinii were obtained from Hegener Research Supply Com- 
pany, Sarasota, Florida. 

Stibanose. The stibanose was supplied either in pow'der form or in 6.67% 
solution by Dr. Justus B. Rice of the Winthrop Chemical Company', New' York, 
through Dr. L. R. Farquhar, of the Chemotherapeutic Center, National Research 
Council, Washington, D. C. 

‘ Stibanose is the dicthylamino-otbanol-salt of sodium antimony gluconate. 
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Method of trcaimeni. The infected cotton rats were injected intramuscularly 
during one or two weeks with different doses of drug, as indicated in the table. 

Estimation of the ejfccls of treatment. The relative number of microfilariae was 
estimated by counting those seen in 100 microscope fields (X 430) of fresh tail 
blood under a cover slip. Counts were made before treatment began and at 
inten’als of three or four daj's thereafter. The treated rats were sacrificed after 
the inteiwals shown in the table, and their pleural spaces were searched for adult 
worms. 

Results. In table 1 are shown the results of treating 12 filariated cotton rats 
with stibanose. Rats 1 to 5, all of which had comparativeb' light infections, as 

TABLE 1 

Effect of stibanose on filariasis of the cotton rat 


NUilBER or mCROriLAWAE SEEK IK 100 EIEEDS 
or UICROSCOPE (X 430) 


RAT NO. 

Day 

treat- 

j Days after treatment began 

RECOVTRVOr ADUtT RILARIAS AT AtTTOPSyt 


mrnt 

began 

1 

7 

u 

21 

35 

Si 


1 

S 1 

9 1 

9 

3 

3 


0* 

10; all dead, in e.xudate 

2 

4 

8. 

4 

4 

0* 


] 

15; all dead, in exudate 

3 

9 

0 

1 

3 

0 

0* 


5; all dead, in exudate 

4 

12 

18 

3 

6 

2 

0 

0* 

15; all dead, in exudate 

5 

12 

8 

3 

2 

8 

4 

0* 

10; all dead, in exudate 

6 

23 

32 

32 

34" 




100; all dead, in exudate 

7 

26 

27 

1 32 

i W 

60* 



60; all dead, in exudate 

8 

6 

9 


2 

4* 



10; all dead, in exudate 

9 

77 

36 

|118 

70 

20* 



35; all but 1 (male) dead in exudate 

10 

53 

46 

90 

66* 




100; all dead (but 2), in exudate 

11 

27 

24 

30 

24» 




40; 20 dead, in exudate 

12 

17 

25 

G 

10* 




15; 2 living, others dead in exudate 


*Day of autopsy. 

t When worms were matted together in exudate, numbers were approximated. 

Treatment; nos. 1-7; 133 mgm. daily 6 times per week for 2 weeks; nos. 8-12: 60 mgm. 
daily for 6 successive days. 

judged by the number of microfilariae in the tail blood, were examined at intervals 
following treatment until microfilariae could no longer be seen in the tail blood. 
All of these rats, when autopsied from 21 to 54 days after treatment was begun, 
harbored adult filarial worms which were dead and which were massed together 
in exudate. Rats 0 to 12 were autopsied 14 or 21 days from the beginning of 
treatment. Most of these animals had considerably more intense infections than 
Rats 1 to 5, and when autopsied most of them had almost as many microfilariae 
in the tail blood as they had before treatment began (see table 1). However, 
practically all the adult worms recovered from these animals were dead, and 
matted together in exudate (see fig. 1). 

Discussion. It is apparent from the data that stibanose, like other pentava- 
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lent antimonials (neostam and neostibosan), exerted its action chiefly against 
the adult phase of the filarial worm in the cotton rat. The adult ^Yorms were 
killed promptly by treatment and the circulating microfilariae only slorvly dis- 
appeared thereafter from the blood of rats treated with stibanose. 

The chief advantage of stibanose over other antimony compounds is its com- 
paratively low toxicity. Several cotton rats weighing approximately 200 gm. 
have survived single injections of as much as 0.5 gm. of drug, with no apparent 
difficulty, and with no reaction at the site of injection in the thigh muscle. 

Because man also is known to have excellent tolerance for this drug, the trial of 
stibanose in human filariasis is strongly indicated. In one early trial of the drug 



Fio. 1. Adclt Filakial Worms (Lilomosoides canmi) Hecovered from Pleural Space 
OF Cotton Rats Treated w ith Stibanose 
Note that most ^\o^ms are massed together in fibrinous exudate. 


by previous investigators (9), microfilariae were temporarily diminished in num- 
ber during the verj' brief period that four patients were followed after compara- 
tively light treatment. It seems possible that better results would be obtained 
through intensive treatment provided that patients were observed for long pe- 
riods thereafter. 


CONCLUSION' 

The filaria (Lttomosoidcs carinii) of the cotton rat can be eradicated from these 
animals by the repeated administration of the pentavalent antimony compound 
stibanose (or solustibosan). Because of the excellent tolerance man is knonnto 
have for this drug, its trial in the chemotherapy of human filariasis is strongly 
indicated. 
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According to the theory of narcosis proposed by Quastel and associates (1, 
2) narcotics exert their effect by inhibiting certain metabolic processes in brain 
required for the metabolism of carbohj'drate, upon which brain is largely de- 
pendent. 

That this is a possible explanation of narcosis is supported by the findings of 
various investigators showing that there is a parallelism between in vitro and in 
vivo effects. Quastel and 'U'heatley (3) found that among narcotics of the same 
chemical type those with the greater hypnotic activity had the greater inhibitive 
power on in vitro respiration. Fuhrman and Field (4) investigated the relation- 
ship between chemical structure and inhibiting action of barbituric acid de- 
rivatives on rat brain lespiration and noted certain parallelisms between physical 
properties considered to be related to the production of narcosis, and biological 
action. 

The site of action of narcotics has not been determined. Keilin (5, 6, 7) 
in his classical work on the cytochromes found that narcotics (urethane in par- 
ticular) prevented the oxidation of cytochrome b by the other components of 
the cytochrome sj-stem. He used rather high concentrations of narcotic (0.1- 
0.5% urethane), and investigated the effect of narcotics on the oxidation of 
succinate. On the basis of his experiments he suggested that the effect of nar- 
cotics consisted in bringing about the formation of a not easily dissociable complex 
Composed of dehydrogenase, substrate and cytochrome b. Jowett and Quastel 
(8, 9) investigated the effect of ether, chloretone and evipal on brain metabolism 
and found that certain concentrations which inliibited markedly the oxidation of 
glucose, lactate and pyruvate had no effect on the oxidation of succinate or of 
p-phenylene diamine. Since, in the oxidation of succinate no coenzymes are 
required, and hydrogen is transferred directly by means of succinic dehydrogenase 
to the cjdochrome system, the absence of effect of narcotics on the oxidation of 
this substrate indicated that the cytochrome sj’stem, or that part of it involved 
in the oxidation of succinate, was relatively resistant to the action of narcotics. 
Davies and Quastel (10) show ed that the anaerobic oxidation of glucose, fructose 
and mannose by brain tissue could be inhibited bj' narcotics, but that the concen- 
tration required was considerably higher than that required for inhibition under 
aerobic conditions. These results show ed that the dehydrogenase was relative^ 
insensitive to the action of narcotics. Michaelis and Quastel (11) narrowed the 
narcotic range to a region represented in the following scheme (see Ball 12). 

* This work was supported by a grant from the Mallinkrodt Chemical Works. 
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Scheme 1 


Narcotic insensitive 
region 


Narcotic sensitive 
region 


Narcotic insensitive 
region 

* e = electron. 

Accepting Quastel’s results there are two possible positions where narcotics 
may exert their inhibition — (I) by blocking the transfer of H from cozymase to 
flavoprotein and (II) b}- blocking the transfer of electrons from flavoprotein to 
cytochrome b. If the inhibition occurs at I in the above scheme one would ex- 
pect to find an accumulation of reduced cozymase (coenzyme I) in the presence 
of narcotic. One would also expect to find that the transfer of hydrogen from 
reduced cozymase by flavoprotein to some suitable hydrogen acceptor was 
blocked by the addition of narcotics. 

If the above scheme represents a complete picture of the metabolic pathway in 
brain and if the block does not occur at I, by the process of elimination it must 
occur at II. There still remains the possibility, however, of another step in 
place of, or in addition to cytochrome b, between flavoprotein and the rest of 
cytochrome system (see e.g. 13, 14, 15). Further information on the position of 
the block may be obtained by determining the effect of narcotics on an enzyme 
requiring the cytochrome system but not cozymase. Such a system is that found 
in yeast, which oxidized lactic acid. In contrast to the animal lactic enzyme 
which requires cozymase the yeast lactic enzyme does not require a coenzyme 
but transfers hy^drogen by means of the dehydrogenase and the cytochrome sys- 
tem. If such a system is inhibited by narcotics it would be inferential evidence 
that the narcotic block was not at I, and that it could occur at II. The line of 
attack outlined above was pursued, and the results are presented below. 

ExPERI^^E^•TAL. Methods. Measurement of oxygen consumption was carried out in 
Warburg manometers at 37°C. 

Ringer-phosphate buffer of the following composition was used unless otherwise stated: 
NaCl 0.13 M, KCl 0.002 M, CaCls 0.001 M, aodium phosphate buffer pH 7.4, 0.03 M. The 
final eoncentration of substrate was 0.026 M. The coneentration of nembutal unless other- 
wise stated was 100 y/cc. 

In the experiments with brain, whole rat brain was homogenized in buffer in a glass 
homogenlzer obtained from the Scientific Glass Company, and was diluted with buffer to 


lOj -t- H, » H-O 

T 

cytochrome oxidase (1 e) 

T 

cytochrome n (1 e) 

T 

cytochrome c (1 e) 

T 
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T 
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T 
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give a concentration of 300 mgm. wet tissue per cc. One half cc. of the suspension, thus 
prepared, was measured by means of a tuberculin syringe into a Warburg vessel of approxi- 
mately 15 cc. capacity. The total volume of fluid in each vessel, exclusive of KOH in the 
centre well, was 1.5 cc. v 

In experiments nith yeast Fleischmann’s baker’s yeast was used. It was washed once 
with a large quantity of distilled water (about 200 cc. per gm. yeast), centrifuged and sus- 
pended in the desired medium. 

Cozymase was prepared from Fleischmann’s baker’s yeast by the method of Williamson 
and Green (16) and reduced cozymase by the method of Green and Dewan (17). Cozymase 
was determined using the method of Axelrod and Elvehjem (18) by means of apozymase 
prepared from brewer’s bottom yeast as already described (19). Reduced cozymase was 
determined by the method of Adler, Hellstrbm and v. Euler (20) . The presence of nembutal 
did not affect these determinations. Flavoprotein was prepared according to Lockhart 
(21). In Thunberg experiments the methylene blue solution (0.07%) was placed in the 
hollow stopper, the other components in the tube (see e.g. 22). The tube was evacuated 
and flushed out with Nj. This process was repeated and the tube finally evacuated and 
the stopper elosed. The tube was warmed for two minutes in a bath at 37“ before mixing. 

Results. Nembutal and chloroform were found not to inhibit the oxidation of 
succinate. Therefore the cytochrome system, or that part of it involved in the 
oxidation of succinate was not affected by these narcotics. The oxidation of 
glucose, lactate and pyruvate was, however, inhibited (table 1). 

That the dehydrogenases were not affected by nembutal was shown by the 
finding that methylene blue could by-pass the block produced by narcotic (table 
1). Leuco methylene blue, bemg autoxidisable in air, can serve as a H carrier 
between the dehydrogenase and oxygen, as illustrated below. 

Leuco methylene blue -1- Oz-^ Methylene blue + HzO 

Substrate + methylene blue dehydrogenase 

oxidised substrate leuco methylene blue 

Nembutal and chloroform thus resemble other narcotics investigated, in their 
effect on brain metabolism. 

In order to determine whether the nembutal block is at position I (scheme I) 
the experiments described below were carried out. 

(a) The first experiment was designed to determine whether the presence of 
nembutal caused the accumulation of reduced cozymase during the metabolism 
of carbohydrate by brain. Brain tissue was allowed to metabolize lactic acid 
in the presence and in the absence of nembutal for one hour, at the end of which 
time reduced cozymase was determined. The results given in table 2, show that 
nembutal does not cause an appreciable accumulation of reduced cozymase. 

(b) To dcteimine whether nembutal inhibited the reaction, 

reduced cozjTnase -f- methylene blue flavoprotein 

coz 3 'mase -t- leuco methylene blue 

experiments were carried out in Thunberg tubes as described in the section on 
methods. The rate of the reaction was determined bj’ measuring the time re- 
quired for the dccolorization of methylene blue by reduced cozj^mase in the 
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presence of flavoprotein under anaerobic conditions. The results of these experi- 
ments (table 3) shou- that the above reaction is not affected by nembutal. 

These t>vo groups of experiments indicate that the block produced by nem- 
butal in the metabolism of carbohydrate does not occur at position I (scheme I). 

TABLE 1 

The inhibition of carbohydrate metabolism by narcotics and the reversal of the inhibition by 

methylene blue 

Each Warburg vessel contained 150 mgm. homogenized brain vrith the additions indi- 
cated, in a total volume of 1 5 cc. 


j 

SUBSTRATE 0 026 SI 

NARCOTIC* 

UETHYLEKE 

BtUE 

6 X10-»M 

DURATION OF 
EXPERIMENT 

MM 

■ ISHIBITIOX 

Without 

narcotic 

With 

narcotic 

1 



min 



% 

glucose 

nembutal 

— 1 

40 


61 

30 

lactate 

nembutal 


40 


60 

39 

succinate j 

nembutal 


40 


ISO 

0 

glucose , 

chloroform 


70 

243 

167 

31 

succinate 

chloroform 

— 

70 

354 

350 

0 

glucose 

nembutal 

— 

60 


72 

5S 

pyruvate 

nembutal 

— 

60 


109 

67 

glucose 

nembutal 

— 

1 

70 

171 1 

83 

51 

pyruvate 

nembutal 

— 

70 

319 

i 

113 

65 

1 

succinate 

nembutal 

- 

' 60 

296 

274 

7 

pyruvate 

nembutal 

1 

105 

337 

221 

35 

pyruvate 

nembutal 

+ 

105 

391 

385 

0 

pyruvate 

nembutal 

— 

75 

172 

78 

55 

pyruvate 

nembutal 

+ 

75 

277 

251 

9 

glucose 

chloretone 


75 

202 

139 

31 

glucose 1 

chloretone 

-1- 

75 

326 

330 

0 

pyruvate 

chloretone 

— 

85 

321 

206 

36 

pj ruvate 

chloretone 

+ 

85 

370 

375 

0 


chloroform 

— 

60 

222 

144 

35 


chloroform 

+ 

60 

304 

295 

0 


• The concentrations of narcotic used were as follows Nembutal 100 y per cc , chlore- 
tone 330 y per cc , and CHCIj 0 6 cc. buffer solution saturated nith chloroform in each 
vessel. 


The effect of nembutal on the oxidation of lactate by j-east was next investi- 
gated. The yeast enzyme oxidizing lactate, as stated above, does not require 
cozjnnase for its action. The experimental results given in table 4 show that 
nembutal inhibits the oxidation of lactate bj' yeast. The effect is the same in 
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the presence or in the absence of seraicarbazide which would bind the pyruvate 
formed from the oxidation of lactate. The inhibition produced by nembutal 
is not due to any effect on the dehydrogenase since the anaerobic reduction of 
methylene blue by yeast lactic dehydrogenase was not inhibited but rvas, in 
fact, somewhat accelerated by nembutal (table 5). Since cozymase is not in- 
volved in the oxidation of lactate by yeast, and since the action of the dehydro- 

TABLE 2 

Reduced cozymase formed by normal brain and brain inhibited by nembutal 
Srain homogenate (150 mgm.), lactate (.026 M), cozymase (about 450 7 ), and nicotin- 
amide (3 mgm.), were shaken with and without nembutal at 37“ for one hour in Warburg 
vessels. The contents 'were then heated at 90“ for five minutes to destroy the enzj'mes, 
and centrifuged. The pH of the supernatant fluid was then adjusted to 10 and the mix- 
ture heated at 100® for fifteen minutes. This destroys cozymase but has no affect on 
reduced cozymase. The pH was adjusted to 6 for the analysis. 


Oj UPTAKE (UM 9 j 

1 EEDDCED C02V1IASE (7) 

Without nembutal 

With nembutal I 

Without nembutal 

1 With nembutal 

306 

95 

9.8 

11.7 

225 

130 

6.D 

5.6 

368 

111 

6.3 

8.5 


TABLE 3 


Effect of nembutal on ike oxidation of dihydrocozymase 


Without rciuui cozyinasc 

0.5 cc. blank* 

0.5 cc. methylene blue 
1 cc. flavoprotein 
1.5 cc. buffer 


Contents oj Thuhberi lutes 

U ith reduced cozymase With reduced cozymase and nembutal 

0.5 CC, dihydrocozymase 0.5 cc. dihydrocozymase 

0.5 cc. methylene blue 0.5 cc. methylene blue 

I cc. flavoprotein 1 cc. flavoprotein 

I 5 cc buffer 1.1 cc. buffer 

0.4 cc nembutal 

Time for decolorization of Methylene blue 
Average of three experiments 


min min 

CO 10.6 11.6 

Average of three experiments using dialysed flavoprotein 
150 70 70 

Average of two experiments 

210 44 39 

The blank contained the reagents used in the reduction of cozj'mase. 


genasc is not inliibited by nembutal, the block must by elimination, occur at 
position II or at some point v.ith a similar redox potential. 

Discussion. It has been show n that the narcotics ether, chloretone, luminal 
(1, 2, 3, 8, 9, 10, 11), nembutal and CHClj (present paper) inbibit the oxidation 
of glucose, lactate and pyruvate but have no effect on the oxidation of succinate. 
This effect of narcotics would seem to be quite a general one. These results show 
that that part of the cytochrome system required for the oxidation of succinate 
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is relatively insensitive to the action of narcotics. It has also been shown that 
the dehydrogenases are unaffected by narcotics e.xcept in high concentrations. 
If the dehj'drogenases and the cytochrome sj'stem are insensitive to narcotics, at 
least two positions remain vhich could be affected. These are indicated in 
scheme I. These two possibilities have been investigated by several different 
methods, and v e have found : 


T.\BLE 4 


The effect of nembutal on the oxidation of lactate by yeast 
0.5 cc. j’east (1 g. m 30 cc.) was used in each vessel 


MEDItrit 

DtJRATIOV 

or Exn 

.. 

SUBSTRATE 

KEUBUTAt 

i£il *Oj COKSCUED 

INHIBITION 

\\ithout 

narcotic 

A\ith 

narcotic 


min 


y/cc 

V. 


% 

Water 

120 

lactate 

400 

196 

143 

26 

KaCl 

120 

lactate 

400 

1S4 

S2 

56 

Water 

115 


400 

3S 

61 

0 

Water 

115 

lactate 

200 

217 

169 

22 

Water 

US 

lactate 

400 

217 

100 

54 

Ringer-phosphate buffer . 

45 

lactate 

400 

120 

SO 

34 


TABLE 5 

Effect of nembutal on the laclic dehydrogenase of yeast 
Contents oj Thunbert tubes 

n ttkoui nembutal H fih nembutal 

0.5 cc. methylene blue (0 0703%) 0.5 cc. methylene blue 

1 cc. yeast suspension I cc. yeast suspension 

0.2 cc lactate hI/5 0 2 cc. lactate 

I 3 cc water 0 4 cc. nembutal (GOO y) 

0.9 cc. water 

Tune for reduction of methylene blue m minutes 
Experiment 1* 34, 35 15, 15 

Experiment 2t 25, 27 7, 7 

• Yeast suspension contained 1 gm. in 100 cc. water, 
t Yeast suspension contained 3 gm. in 100 cc. water. 

(1) That there was no accumulation of reduced cozymase m the presence of 
nembutal xvhen brain tissue metabolized lactate. 

(2) That nembutal did not interfere xxith the reaction 

reduced coz 3 Tnase + methylene blue flavoprotem ^ 

coz 3 'mase + leuco methylene blue. 

These results indicate that nembutal does not exeit its effect by blocking metabo- 
lism at position I. Further substantiation of this is found in the fact that the 
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lactic enzyme in yeast, which does not require cozymase, was inhibited by nem- 
butal. Quastel and Wheatley found that the residual respiration of yeast was 
unaffected by narcotics which is in agreement with our results. They, however, 
did not determine its effect with added substrate. If the above scheme is a 
complete representation of the metabolic pathway, the only position remaining 
where narcotics can exert their inhibition is at cytochrome b. KeUin (5, 
6, 7) using high concentrations of urethane which inhibited the oxidation of 
succinate suggested that the narcotic bound the dehydrogenase, substrate and 
C 3 rtochrome b into an inactive complex. By means of a spectroscope he was 
able to see that the absorption band produced by reduced cytochrome b per- 
sisted on aeration in the presence of narcotic. Evidence that the narcotic bound 
the dehydrogenase, substrate and cytochrome b was provided by the observation 
that when reduction of cytochrome b was effected in the presence of urethane by 
sodium hydrosulphite instead of dehydrogenase -1- .substrate the band of reduced 
cytochrome b did not persist after the disappearance of the other reduced cyto- 
chrome bands. Similar effects were observed by Tamiya and Ogura (23). It 
is not known whether lower concentrations of narcotic which will inhibit lactate 
and glucose oxidation will produce visible effects in the rate of disappearance of 
the band of reduced cytochrome b as compared with bands of the other cyto- 
chromes. 

It has not been definitely proven that cytochrome b is the intermediate between 
fiavoprotein and cytochrome c, and between yeast lactic dehydrogenase and 
cytochrome c, but there is evidence that some intermediate does exist (13, 14, 
15), and it must have a redox potential similar to that of cytochrome b. Re- 
gardless of whether it is cjdochrome b or some other as yet unidentified inter- 
mediate, which transfers hydrogen at this particular step, it seems to be fairly 
definite that it is at this stage that narcotics exert their effect in inhibiting car- 
bohydrate metabolism of brain. It is possible that the concentration required 
to produce inhibition is a matter of the affinity of the particular narcotic in ques- 
tion for binding the flavoprotein-cytochrome b (or other intermediate) complex, 
or the succinic dehydrogenase-cytochrome b complex. The affinity of the nar- 
cotic for the enzyme in the former case might be greater than in the latter and a 
lower concentration of drug would then be effective. 

SUMMARY 

Previous experiments have shown that the dehydrogenases and that part of 
the cytochrome system involved in the oxidation of succinate are relatively in- 
sensitive to narcotics. Two possible oxidation-reduction reactions on which 
narcotics might exert their effect in inhibiting the carbohydrate metabolism of 
brain, remain. They are 

(1) The transfer of hydrogen from reduced cozymase to fiavoprotein and 

(2) the oxidation of fiavoprotein by the cytochrome system by means of elec- 
tron transfer. 

These possibilities have been investigated here and it has been found that re- 
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duced cozymase did not accumulate during the carbohydrate metabolism of 
brain in the presence of nembutal; and that the reaction 

reduced cozymase + methj’lene blue flavoprotein 

cozjonase + leuco methylene blue 

was not affected by nembutal. 

These results indicate that the block was not at the position suggested as the 
first possibility. 

The oxidation of lactate by yeast was also found to be inhibited by nembutal. 
The fact that the yeast lactic enz3Tne, which unlike the enzyme in animal tissues 
does not require cozymase for activity, was inhibited, is further evidence that 
cozymase is not involved, and that the block occurs at cytochrome b or at some 
as yet unidentified step having properties similar to cj^tochrome b. We suggest 
that the narcotic may act by binding the reduced flavoprotein with cj'tochrome 
b (or other intermediate) and that the affinity of narcotic for this complex is 
greater than for the succinic dehydrogenase-cytochrome b complex which is 
not affected by low concentrations of narcotic. 
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In his review on tissue permeability and the spreading factors in infection, 
Duran-Reynals (1) has presented the literature on connective tissue permeabihty 
and its r61e in the spread of bacterial infection and the resulting inflammatory 
reaction. It has been shotvn that in various forms of connective tissue there 
is a viscid ground substance which is the final product of a secretion of the con- 
nective tissue cells. From the ground substance there has been isolated a poly- 
sacchide, hyaluronic add. The ground substance acts as a barrier to penetration 
and spread of foreign matter, but under certain circumstances this blocking action 
is absent and the foreign substances applied are distributed over a wider area. 

In bacterial and tissue cells, particularly testicular cells, there is found an 
enzyme, hyaluronidase, which hydrolyzes and degradates hyaluronic acid, de- 
creasing its viscosity and allowing an increase in permeability and spread of 
foreign material through connective tissues. 

It is known that in rheumatic fever the mesenchj'me tissues are especially in- 
volved and the rapid spread through these of the infecting agent and its inflam- 
matory sequence evidence a removal of the protective connective tissue ground 
substance barrier. The recognized effectiveness of salicylic acid in arresting the 
inflammatory process and causing regression of symptoms in this disease has 
not been explained. As it is not considered a bacteriostatic agent, evidence of 
any relationship to one or other of the spreading factors should be of great in- 
terest. 

In the work here reported the influence of sodium salicylate on one of the 
spreading factors, hyaluronidase, has been studied, and a comparison made with 
that of a bacteriostatic agent, sulfadiazine. 


Method. In techniques for studying the effects of hyaluronidase as a spreading factor 
the general principle is to inject intradermally colored substances, such as haemoglobin, 
trypan blue, India ink (2), whose range of distribution can be readily seen, or those whose 
effects can be observed visually, for example, the spread of inflammatory reaetion from 
diluted diphtheria toxin (3), the time for disappearance of the wheal from saline injec- 
tion (4). 


^ In the procedure adopted by us, Higgins India ink. was injected into the skin of rabbits. 
W e have selected this dye as an indicator of the spreading phenomenon because in our work 
it has given consistently uniform values. Four skin areas in each rabbit were taken. In 


one area a solution of the ink in physiological saline was injected intradermally and the 
rate and extent of its spread measured. Into a second area the intradermal injection was 
then repeated with hyaluronidase added to the India ink solution, and its effects in increas- 
ing the spread measured. Into the third and fourth areas the India ink solution alone or 
with hyaluronidase uas injected after prcliminarj' administration of either sodium salicyl- 
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ate or sulfadiazioeA The salicylate in 0.07 gm. or 0.10 gm./kgm. in 10% solution was 
injected intravenously fifteen minutes before the intradermal dye solution. The sulfadi- 
azine, 1% in gum arabic emulsion, 10 cc./kgm., was given by stomach tube four hours prior 
to the intradermal tests. Throughout all the experiments the measurements of skin areas 
through which the ink permeated were made at one and twenty-four hours after the test 
injection. 

The skin areas receiving the ink were measured by tracing the spread on cellophane and 
by transparency on millimeter ruled paper, calculating the area in mm*. The error using 
this method was within ± 5 mm*. All figures including standard deviation, fiducial limits 
and standard error are recorded in actual values of mm.* and not in logarithms. 

The determination of parameter values which characterize this population is based on: 


a. Actual value in mm.* in each animal :... x 

b. Sum of the values in mm.* in each group Sx 

c. Number of cases n 


d. Mean of group in mm.* £= — 

n 

e. Sum of the squares of the deviation from the mean [x‘] — S(x’) — 5 (Sx) 

f. Variance V — 

g. Standard deviation s 

h. Standard error of the mean s* = 

i. Fiducial limits with probability of 0.5 and n — 1 = 5: F.L. = £ ± 
to the t value 2.571. 

The hyaluronidase used was obtained by extraction from powdered bull testicular ex- 
tract. The extract was made in June of 1942 and its activity determined by titration 
periodically to ascertain its actual strength. At the time of use it had the same activity as 
at the time of preparation. To decrease the amount per injection, it was used as a 2% 
solution of the hyaluronidase in 0.9% physiological saline, instead of the 1% solution em- 
ployed by Cahen and Granier (5) . Excessive shaking was avoided to prevent the inhibition 
of the enzyme. The testicular extract was centrifuged at 2000 revolutions per minute for 
5 minutes and the clear supernatant liquid was drawn off as solution for injection. 

A total of 25 New Zealand albino rabbits were used for the experiment. They were from 
the same stock, having weights varj'ing between 1.5 and 2.0 kilograms. They were divided 
into four groups of six each: one animal was used for trial purposes to establish dosage and 
time of reading. In order to avoid the weight factor errors which might influence the re- 
sults, and because the ventral skin and that of the groin and axillar regions afford better 
diffusibility, and also because of the antigenic nature of the preparation employed, the 
following procedure was adopted. 

Four basic experiments were conducted on each rabbit. The dorsal skin was dirnded into . 
four areas; two anterior, right and left behind the folds of the anterior extremities on both 
sides of the vertebral column, and two posterior, one right and one left in front of the folds 
of the posterior extremities. 

In accordance with this plan, four groups of six animals each, two groups for the study 
of salicylate action and two groups for the stud 3 ' of the action of sulfadiazine, received the 
inoculation in the following order of Latin squares 

A B DC 

and 

CD BA 

A represents the intradermal inoculation of 0.25 cc. of 0.9% sodium chloride solution + 
0.25 cc. of India ink diluted 1:2 in phj'siological saline. 


[x*l 
n — 1 



Slit) according 


* Sodium salicylate from JIallinckrodt Chemical IVorks and sulfadiazine from Calco 
Chemical Division were emploj'ed. 




DRUG ACTION ON HYALURONIDASE 


195 


B represents the administration of the drug, sodium salicylate or sulfadiazine, follovred 
by 0.25 cc. of 0.9% sodium chloride solution + 0.25 cc. of a 1:2 dilution of India ink, in intra- 
dermal injection. 

C represents the intradermal inoculation of 0.25 cc. of 2% hyaluronidase in physiological 
saline + 0.25 cc. of a 1:2 dilution of India ink in physiological saline. 

D represents the previous administration of the drug followed by the intradermal inocula- 
tion of 0.25 cc. of 2% hyaluronidase in saline -t- 0.25 cc. of 1:2 India ink in saline suspension. 

Results. Under the influence of the hyaluronidase preparation in control 
areas (C), twenty-four determinations gave diffusion areas of 3977 ± 171 mm.^ 
T his value is six times greater than that area obtained in the same animal (A) 
which did not receive hyaluronidase. The areas of this group measured 676 ± 
30 mm.“ 


TABLE 1 


Latin squares 




A 

B 



A 

B 



T1 

c 



D 

c 




C 

D 



C 

1) 



B 

A 



B 

A 




SODlTm 1 


caoOT 2, 


caot:? 3, Soniuu I 


CSOUP 4, 



aAtICVLATE 


8ULFADIAZ3KC j 

SAUCYItATE 


1 BUtyADUriKE 


A 

B 

c 

D 

A 

B 

c 

D 

B 

A 

D 

C 

B 

B 

B 

c 

Pamneten at 1 br. 














B 



Total area— . . 

3860 

sots 
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The results of all experiments conducted are listed in table 1. Although the 
control areas (B) that did not receive hyaluronidase appear to have been re- 
duced 20% with the administration of sodium salicylate in dosage of 0.07 gm. 
fkgm. and 31% in dosage of 0.10 gm./kgm., the D areas which received hyal- 
uronidase show a reduction of 57% with the administration of 0.07 gm./kgm. 
salicylate and almost 66% with 0.10 gm./kgm. The effect of the salicylate 
appears promptly in each case. 

The variations observed in the spreading area either in groups two and four 
which may (D) or may not have received hyalvironidasc (B) after prior treatment 
with sulfadiazine are not significant since all differences fall into the coefficient 
of ^'ariability. It is important to point out that with the administration of 
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sulfadiazine, the reading of the skin areas after 24 hours is made difficult in manj' 
instances by an equivalent inflammatory' zone. According to Duran-Eeynals, 
(1) this phenomenon is to be interpreted as favoring spread in connective tissue. 

Discussion. The inhibition of hyaluronidase by sodium salicylate in so 
typical and intense a manner and the ineffecti\'ity of sulfadiazine in this respect 
may help to explain the mechanism of the sodium salicylate in rheumatic fever. 

Rheumatic fever is a disease of the mesenchyma characterized not by the viru- 
lence of the etiologic organism but by its invasiveness, expecially in the young. 
As shown by Bensley (6) the connective tissue in formation passes progressively 
to the adult stage through the following phases: oedema, gelatinous ground sub- 
stance, argyrophilic fibers, and collagen. In the early stages, diffusibility in the 
ground substance is at its maximum, while the collagenous fibers that characterize 
adult connective tissue retard diffusibility since the ground substance has been 
replaced by the fibers. The importance of hyaluronidase in the spreading factor 
of connective tissue is based on the observation of INIeyer and Palmer (7) who 
pointed out that the principal substrate of connective tissue and mucoid struc- 
tures is hyaluronic acid composed of equimolar parts of d-glucosamine, glycuronic 
acid, and N-acetyl glucosamine. The ground substance in the regions affected 
by rheumatic fever, such as articulations and synovial fluid, is composed prac- 
tically entirely of hyaluronic acid. 

Duran -Reynals (8) , Kendall and associates (9) have observed that several micro- 
organisms including the streptococci produce, or possess, hyaluronidase in their 
capsules. The hyaluronidase of bacterial origin or of testicular ex'tract as pre- 
pared and used in this work increase the spread by means of enzymatic activity 
hydrolizing the hyaluronic acid present in the ground substance, decreasing its 
viscosity, and thus favoring the passage of liquids and pathogenic microorganism. 

, The action of hyaluronidase may be divided into the following stages, 

a. decreased acetic acid coagulation of the substrate 

b. decreased viscosity 

c. hydrolysis of hyaluronic acid with the release of glucosamine and reducing 
substances. 

The sodium salicj'late acts as an inhibitor of the enzymatic action of hyaluroni- 
dose and thus tends to limit spread in connective tissue. 

SUJIMARY AND CONCLUSIONS 

In the presence of a 2% purified testicular extract containing hj’aluronidase, 
the spread areas of India ink diluted 1:2 with saline were six times greater than 
in control animals, rabbits being employed. 

The administration of sodium salicylate inhibited the spreading effect of hyal- 
uronidase. The degree of inhibition varied with the dose of salicylate adminis- 
tered. 

Sulfadiazine did not reduce the activity of hj-aluronidase, but appeared to 
enhanee its effect in several groups. 

The significance of the inhibition of hyaluronidase by sodium salicj'late in 
rheumatic fever is discussed. 
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In view of the proposed admission of digitoxin and tablets of digitoxin to the 
forthcoming re4dsion of the United States Pharmacopoeia this study was under- 
taken to develop a method for the assay of the tablets. 

Our attention has been directed especially to the Baljet color reaction (1) 
which appeared to have considerable promise. In 1922 Khudsen and Dressbach 
(2) reported a colorimetric method of assay of digitalis preparations based upon 
this color reaction in which a red color is developed bj' the active digitalis glyco- 
sides in the presence of an excess of alkaline sodium picrate. Some years later 
Lendle and Schmelser (3) recommended the reaction, which they attributed to the 
presence of unsaturated lactone groups, as a basis for a reliable method for the 
determination of di^talis substances. They recognized that the reaction is not 
specific and that sugars could interfere. Recently, the present authors (4) 
presented a colorimetric method for the assay of digitalis preparations which 
was based on the Baljet reaction and which was found to be satisfactory. 

In appl 3 dng the method to the assay of digito.xin tablets two main steps are 
involved: (1) efBcient extraction of the digito.xin from the tablet by a suitable 
solvent and (2) treatment of this e.xtract for the development of the color and 
subsequent colorimetric analysis. With regard to the first step we have re- 
stricted our consideration to the two dosage foims of the tablets which are now 
commercially available, ^^z., 0.1 mg. and 0.2 mg., and we have arbitrarily 
selected as the basis of the assay the number of tablets containing a total of 2 
mg. of digito.xin, i.e., 20 tablets of the 0.1 mg. dosage and 10 tablets of the higher 
dosage form. 

For the e.xtraction of the digitoxin from the tablets, three of the more common 
solvents are available: chloroform, ethjd alcohol, and methyl alcohol. The use 
of chloroform was avoided since a solvent miscible with water is required in the 
final step of the color reaction and the use of this solvent would therefore involve 
additional steps of evaporation and filtration. The solvent selected was absolute 
methyl alcohol since it appears to dissolve digito.xin more readily than absolute 
ethyl alcohol and since it is more readily available in reagent grade. Preliminarj’ 
e.xperiments showed that the digitoxin is efficiently e.xtracted by this solvent 
from the powdered tablets bj- mechanical shaking at room temperature, and a 
clear e.xtract is readilj' obtained from the mixture bj' centrifuging. 

The procedure for developing the tj^iical Baljet color reaction in the methj'l 
alcohol extract of the tablets presented onh' one serious difficulty. The final 

* The expense of this investigation was defrayed in part by a grant from the Board of 
Trustees of the L'nited States Pharmacopoeial Convention. 
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mixture must contain sufficient water to avoid tlie precipitation of sodium picrate 
and at the same time, contain sufficient alcohol to avoid precipitation of the 
digitoxin. Fortunately, we were able to find a methyl alcohol-water ratio which 
satisfied both of these requirements. We have also determined the time interval 
required for full development of the color reaction. This interval is appreciably 
longer than that required for digitalis preparations, a fact that can be readily ex- 
plained on the basis that the color reaction develops more rapidly in aqueous 
solutions than in those of high alcohol content. The transmission of the solu- 
tions was determined nith the aid of the Electrophotometer of the Fisher 
Scientific Co. 

The final procedure which we have established is as follows: Grind up to a 
rather fine powder in a mortar the number of digitoxin tablets expected to have 
a total digitoxin content of 2 mg. Transfer the powder to a 125 cc. glass stop- 
pered Erlenmeyer flask, add from a burette exactly 40 cc. of absolute methyl 
alcohol shaking during the addition to avoid the formation of lumps. Stopper 
the flask and shake mechanically for 15 minutes. Transfer the mixture to a 
centrifuge tube, cover the tube and centrifuge until a clear separation is obtained. 
Pipette off very carefully 25 cc. of the clear supernatant liquid. Transfer to a 
suitable container and, noting the time, add exactly 25 cc. of picric acid reagent 
freshly prepared by dfiuting 50 cc. of absolute methyl alcohol containing 1 gram 
of picric acid with 5 cc. of 10% sodium hydroxide and then water to a final 
volume of 100 cc. After 30 minutes measure the transmission of the solution 
with a photoelectric colorimeter using an absorption cell having a light path of 
50 mm. and a green filter with peak transmission in the region of 525 millimicrons. 
The blank used for this determination is a mixture of equal volumes of absolute 
methyl alcohol and the picric acid reagent. 

To establish the value obtained in the tablet assay we have prepared a standard 
transmission-concentration curve for digitoxin. In this connection we are in- 
debted to Dr. F. 0. Laquer of Temple University for his kind cooperation in 
supplying us with a sample of the digitoxin which he is using in the preparation 
of the proposed monograph for the Pharmacopoeia. We prepared solutions of 
this material in absolute methyl alcohol in three concentrations, namely; 2.5 mg., 
5.0 mg., and 7.6 mg. per 100 cc. The transmission of each of these solutions was 
determined 30 minutes after mixing with an equal volume of picric acid reagent 
in the same manner as described in the tablet assay. The standard curve is thus 
prepared by plotting the three points in terms of concentration against the 
logarithm of the transmission and drawing the smooth curve through these 
points. A typical curve is shown in figure 1. 

Under the conditions of the tablet assay the expected di^toxin concentration 
in the absolute methyl alcohol extract is 5 mg. per 100 cc. By referring the 
transmission value obtained in the tablet assay to the standard digitoxin curve 
the assay value can be readily determined. 

We have had the kind cooperation of several commercial firms who have 
supplied us with samples of digitoxin tablets wluch they manufacture and also 
samples of the digitoxin used in compounding the tablets. Transmission-con- 
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centration curves prepared from these samples of digitoxin all showed good 
agreement with that obtained from the digitoxin sample which we accepted as 
our standard. 

In testing the validity of the assay method we have relied upon a statistical 
approach in which numerous assays were made on each variety of tablets avail- 
able. Furthermore, we have varied the number of tablets used for the assay. 
For example, in assaying 0.2 mg. tablets we have carried out the procedure using 
9 and 11 tablets in addition to the prescribed 10 tablets. These results consist- 
ently indicated that the values obtained for the 9 and 11 tablet assays were 
definitely beyond the limits of variation of the value for the 10 tablet assay. 
Similarly, in the case of the 0.1 mg. tablets we have carried out the assay using 



12 3 4 5 6 7 

mg Digitoxin per 100 cc. 

Fig. 1 


18, 19, 21, and 22 tablets in addition to the prescribed 20 tablets. Values ob- 
tained for 19 and 21 tablet assay's frequently' fell nithin the limit of variation of 
those obtained for the 20 tablet assays while 18 and 22 tablet assay values con- 
sistently and definitely' fell beyond these limits. These results indicated that the 
assay method is accurate nithin a limit of ±5%. Our data also indicate a 
high degree of uniformity' of digitoxin content in each of the varieties of tablets 
c.xa mined. 

In table 1 we list typical data obtained in the assay of tablet A which contained 
0.1 mg. of digitoxin per tablet. The assay' values have been determined by' re- 
ferring the observed readings to the standard curve (figure 1) as previously 
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described. The calculated values are based on perfect uniformity of the tablets 
with respect to their digitoxin content. 

We encountered two failures in applying the assay method. In the case of one 
variety of tablets a slight but definite turbidity appeared shortly after the picric 
acid reagent was mixed with the methyl alcohol extract. On longer standing a 
slight flocculent precipitate was mible. In this case it seems probable that the 
absolute methyl alcohol has extracted one of the ingredients of the excipient 


TABLE 1 
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which is subsequently precipitated when the picric acid reagent, containing con- 
siderable water, is added. Since this difficulty was encountered in only one 
instance it appears that the composition of the excipient can be readily altered 
so as to av'oid this complication. In this connection it is to be noted that the use 
of lactose, one of the favorite excipients, is permissible since its solubility in 
absolute methyl alcohol is of sufficiently low order. 

The other case of failure of the assay involved a variety of tablets which are 
red in color. The colored substance was soluble in absolute methjd alcohol and 
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was therefore extracted from the tablet along with the digitoxin. Transmission 
measurements of the final solution were, of course, completely erroneous. It 
should be observed that the use of coloring substances, which the manufacturer 
may find desirable, is not prohibited by the assay method. The requirements 
are that such a substance must be chemically inert under the conditions of the 
assay and that its solutions do not show' any appreciable absorption in the optical 
region in which the Baljet reaction appears. In general therefore, red coloring 
substances are prohibited. 

Dr. P. W. Wilcox of Sharp and Dohme has applied our method of assay to three 
lots of digitoxin tablets. In a private communication he has kindly reported 
the following results including bioassay values. 



Colorimetric 

Bio-assay 

Lot No. 1 

100 per cent 

101 per cent 

101.6 per cent 

Lot No. 2 

101 per cent 

113 per cent 

Lot No. 3 

98 per cent 

98 per cent 

92.5 per cent 


SUMMARY 



1. A colorimetric method for the assay of tablets of digitomn containing 0.1 
mg. and 0.2 mg. of digitoxin per tablet has been described. 

2. The method, based on the Baljet color reaction and requiring a photo- 
electric colorimeter, is accurate within ±5 per cent. 
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Plasmodium knowlesi was first described as a distinct species of plasmodium 
by Sinton and Mulligan (11). Other investigators (Franchini, Napier and 
Campbell (5), Knowles and Das Gupta (6)) had described what is believed to be 
the same parasite somewhat earlier, but were dealing with mixed infections and 
did not attempt to pve the parasite a specific name. In all cases the original 
host of Plasmodium knowlesi appears to be Macacus (Silenus) irus, an oriental 
monkey, which is usually also infected with another species of malaria parasite, 
Plasmodium inui. When Macaca mulalla monkeys, “ the common monkey of 
Northern India, are inoculated from M. irus monkeys found infected in nature 
and showing mixed infections, the resultant infection in the majority of oases is 
one in which only P. knowlesi can be detected. This parasite is quite benign in 
Macacus irus monkeys but produces high degrees of parasitemia in M. mulalla, 
generally resulting in death. The apparently pure strains of P. knowlesi which 
we now have were isolated by repeated subinoculations in M. mulalla monkeys. 
Large numbers of M. mulalla monkeys have been examined by several English 
Workers in India, and this monkey has thus far not been found to be infected with 
any malaria parasite in nature. 

After P. knowlesi was established in laboratory colonies of M, mulalla, a 
great deal of experimental work was initiated, not only with regard to chemo- 
therapy but in other fields of investigation as well. Unfortunately, however, as 
IS generally the case when new host-parasite relationships are discovered, no 
attempt was made to follow standard techniques for inoculation. The fact that 
hi^y fatal infections could be produced with P. knowlesi infections in Macacus 
mulalla regardless of the inoculating dose of parasites or the site of inoculation 
was apparently all that was desired. Some of the earlier work on new drugs was 
carried out with P. knowlesi infections in Macacus radiatus, and comparatively 
bemgn infections are produced in this host. Some attempts have been made to 
determine the effect of quinine, atabrine, and plasmochin on P. knowlesi, but 
the widely different dosage schedules used, together with various routes of ad- 

■The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, betw ecn the Office of Scientific Research and Development 
and the University of Tennessee. The data was collected and prepared for publication 
under a contract between the Office of Scientific Research and Development and the Squibb 
Institute for Medical Research. 

’\\c have used the terminology adopted by Ruch “Bibliography of Primate Malaria” 
N .R C Uil \ .\ccording to this system Macacus rhesus is synonj mous w ith Macaca mulalla. 
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ministration employed and different times in the course of the disease when treat- 
ment was administered, make it almost impossible to obtain from pre\dous work 
a clear-cut, over-all picture of the effects of these drugs on this infection. 

Variations in the course of infections in untre.\ted monkeys. The 
strain of PJasmodium knowlesi used by us was obtained from Dr. G. Robert 
Coatney of the National Institute of Health. Intravenous inoculation with 
parasites was used throughout, and a knmvn dosage of parasites per kilogram 
body weight was employed. Various doses were employed at first in order to 
determine the number of parasites which would produce the most satisfactoij' 
infections for testing drugs. Doses ranging from 10,000 to 1 billion parasitized 
cells per kilogram were tried and 50 million parasitized cells per kilogram were 
selected for routine work in chemotherapy, because it permitted about the same 
time interval for treatment as used in aruan malaria screening procedures. 
Monkeys inoculated intravenously with this dosage of parasites generally showed 
about 0.05 to 0.1 per cent parasitized cells in the peripheral blood on the day after 
inoculation and the degree of parasitemia then increased from day to day until 
in most animals from 30 to 95 per cent of the cells were parasitized within 5 or 6 
days. Death usually occurred in untreated infections on the 6th or 7th day 
after inoculation following the above dosage. 

In table 1 daily parasite counts are given on 46 untreated monkeys inoculated 
intravenously with 50 million parasitized cells per kilogram. It udll be noted 
particularly that considerable variation occurred in the rate of increase of 
parasitemia, although a general trend usually occurred (fig. 1). It was rarely 
until the 2nd or 3rd day after inoculation that the parasite count began to rise 
above the level of a few scattered parasites in the thin film. On the 4th or 5th 
day after inoculation most of the monkeys for which data are given in table 1 
showed parasite counts over 30 per cent, and death on the day following a count 
of from 30 to 90 per cent was the rule. It should be noted here that the parasite 
counts given in the table were aU taken at approximately the same time each day 
(8:00 A.M.-9;00 A.M) when most of the parasites were ameboids or preseg- 
menters. Since P. knowlesi has a 24 hour ase-xual cycle and segmentation usually 
occurs in the late evening (8:00 P.M.-12:00 M), in most of our animals at least, 
counts made about 10:00 P.M. were in general much higher than counts made in 
the morning (fig. 2). This accounts in some instances for the low parasite counts 
on the day preceding death, since the morning counts only are recorded in the 
table. As illustrated in figure 2, a count of 5.3 per cent parasitized cells made in 
the morning may increase to 31 per cent at 10:00 P.M. on the same day during 
segmentation. 

Four of the monkeys given in table 1 surrdved the infection and became 
chronic without treatment. This is a somewhat higher percentage of survivals 
than previously reported. Wats and Harbhagwan (12), for example, state that 
of 254 Macaciis rhesus monkeys infected experimentally with P. knowlesi in 
India only 4 did not die, a sundval rate of appro.ximately 1.5 per cent. Whether 
or not the infections in all of these animals were allowed to continue until death 
occurred without interference of any kind is not stated, however. Ivrishman, 



Pr-ASMODimi KNO^%'I/ESI INFECTIONS 


205 


TABLE 1 

Vtiti'ccitcd Plasmodium knowlcsi infections in Macaco luulalta tnottkeys inoculated 
intravenously with BO million parasites per kilogram 









PERCENT RED CELLS PARASITISED 


cn 

_i 


DAYS AFTER INOCULATION 

Fig. 1. Course of Untreated Peasmodiom knoweesi Infections in 4G Macaca 

.MUEATTA MonKETS 

Inoculated intravenously with SO million parasitized cells per kilo. Shaded areas 
represent the mean parasite count ± two standard errors 


MONKEY NO. 570 

PARASITE COUNTS MADE AT 
EIGHT HOUR INTERVALS 


DAYS AFTER INOCULATION 

Fig. 2. Codrse’of Parasitemia i.n a XIonket Given SO Million Parasites fer Kilo 
Intilavenol'SLY 

Parasite counts made at S hour intervals. Note marked increase in parasites between 3:00 
P.M. and 10:00 P.M. on third day 
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Lai and Napier (7) found 1 monkey to be refractory to infection out of 12 M-hich 
they inoculated. Another monkey out of the eleven which became infected 
showed a tendency toward natural cure and survived for 32 days without treat- 
ment. Coggeshall and Kumm (13) report only 1 survival in 70 infections. 
Plasmodium knowlesi is therefore not invariably fatal to M. rhesus monkej’'s, but 
for all practical purposes death can be expected to occur if treatment is not 
pven. 

Figure 3 summarizes data from imtreated infections which may be of value 
in jud^g the effect of drugs on this host-parasite relationship. All of these 
animals were infected nith the standard intravenous dosage of 50 million para- 
sitized cells per kilogram. In figiue 3 (b) the blocks represent number of animals 
dying on days after inoculation. No deaths were obseiv’ed before the fifth day. 
However, by the seventh day 80.2 per cent of the animals had died. In this 
group of 46 monkeys all those which sundved eleven days after inoculation lived 
for an indefinite period of time. The average day of death for 42 out of 46 
animals which died was 6.3 ± 0.71.’ 

Because of the rapid increase in parasite count from day to day, it was im- 
possible to select any one day which would be the parasite peak for aU animals. 
However, if one considers the day on which peak of parasitemia was reached, as 
is illustrated in figure 3 (a) it is seen that the vast majority of the animals had 
their highest parasite count by the sixth day after inoculation and regardless of 
whether they died or not all animals reached their peak of parasitemia before the 
tenth day. 

From this analysis of data on untreated infections we selected three obser- 
vations to be used as criteria of the effect of drugs: 

a) Per cent mortality. As pointed out above, smadval cannot be considered an 
absolute criteria of activity of a drug when a small number of animals are used. 
However, death of an animal within ten days after inoculation must be con- 
sidered as presumptive eiddence that either no antimalarial effect was exerted 
Or that the drug was toxic. 

b) The day of death. In cases in which a drug e.xerted a slight or suppressive 
action and in which relapse occurred, per cent mortality may have been just as 
great as in the untreated controls. In such instances, however, this suppressive 
action would be reflected in a prolongation of the mean day of death. 

c) Highest parasite count. Since all imtreated animals reached a peak of para- 
sitemia by the ninth day, we arbitrarilj’ selected for each animal the highest of 
the daily counts observed up to and including the tenth da}' and have used this 
for comparison irith untreated controls. In 46 untreated animals the mean 
highest parasite count was 45.4 ± 3.54.’ In only one animal was a parasite 
peak below lO'per cent observed. 

Methods used for chemotherapeutic studies. All animals were inocu- 
lated intravenously with a standard dose of 50 million parasitized cells per 
kilogram. Donor blood was taken from an untreated, infected animal with a 
parasite count of 20 to 50 per cent. Each e.xperimental animal was placed in an 

’Mean plus or minus standard error. 
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mdividual cage and fed a liberal diet of milk, eggs, bread, fresb vegetables, fruit 
and peanuts. Blood for parasite counts were taken daity at approximately the 
same hour (8:00 A.M.-9:00 A.M.) 

All drugs were administered by stomach tube in a volume of 10 cc. per monkey 
for each dose. Soluble drugs were dissolved in water and insoluble ones were 
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suspended in a 2.5 per cent aqueous starch emulsion. In order to maintain a 
reasonably constant blood level, each daily dose was given in three divided doses 
at approximately S-hour intervals (8:00 A.M; 3:00 P.hl.; and 10:00 P.iM.) 

Because of limitation of cage space, it was ordinaril 3 ^ possible to run onlj* 10 or 
15 animals at anj' one time. In order to utilize the limited number of monke 3 ’S 
to the best advantage it was necessarj- to use onh- a few doses of an 3 ' one com- 
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pound in any one experiment, and to await the results of each series of tests 
before planning additional experiments. Because of tins plan tlio final I'csults 
of a number of experimental series, carried out at different times, had to bo 
combined and compared. Table 2 illustrates one such typical experiment. 

The r.FFECT of quinine on flasmodium knoweesi infections. As noted 
previously, several investigators have published data on the effect of quinine, ns 
well ns other antimalarial drugs on P. knoivlcsi. Row, Dalai and Gollor Kori 
(10) state that a dose of 2.6 grains of quinine checked the infection but a rc- 
cmdescence occurred within a few days which was fatal unless treated. Chopra 
and Das Gupta (1) found the immediate response to quinine slower than to 

TAIILK 2 

Chcmothcrapij I', knowlcsi in Macaco mulatta monkeys 


Protocol of cxpcriiuoul: S-7-ll — Inoculiitcd with 50 million pnrnsitos per kilo. All 
drugs administered by stomach tube three times daily at eight hour intervals. Volume of 
e.sch dose 10 ce. Treatment begun 18 hours after inoculation and eontinued tor 5 days. 


UO't* 

XEY 

NUU* 

StK 


TOTAL 

DAILY 

DOST 
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0.2 

(+) 

0.1 

0.1 

•1.2 

7.^1 

01, C 

70.0 
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0.3 

•1.0 

1.1 

(+) 
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D 
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(-) 

(-) 

(+) 

(+) 

(+) 

0.2 

0.3 

3.0 
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Sulfadiazine 

0,12 

0.3 

0.2 

1.0 

0.25 

0.5 

l.f> 

•1.1 

3.1 

0.8 

Chronic 

711 

Sulfadiazine 

0.12 

0.1 

0.7 

1 0 

(+) 

0.2 

3.6 

2.0 

20. -1 

■lil 

Chronic 

7-12 

SuUudinziiio 

0,21 

(+) 

0.2 

H-) 

(+) 

C-t-) 

(+) 

0.3 

77.2 

32.0 

Died 
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Sulfadiazine 

0.21 

0.2 

(+) 

(+) 

t+) 

(+) 

0.1 

0.3 

1.7 

2.^1 
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Quinine bisulf. 
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m 

1,9 

22.0 

2(1.0 
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•1.0 
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0 1 
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1) 
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atabrine. Chropra, Gnnguli and Roy (2) were unable to save monkeys with 
high doses of quinine when the number of parasites rctichcd 1 million per cmm. 
Natick (9) found that the otTcctivo dose of quinine was higher than in human 
malaria and that quinine acted slowly on the dividing forms of the parasites. 
In these and other reports, however, the method of drug sidminist ration, the 
number of doses of quinine and the time during infection when treatment was 
started were not comparable. Moreover, a standard parasite inoculum was not 
used. It was futile, therefore, to attempt to compare the results obtained by 
different investigators under these conditions or to evaluate the results in terms 
of other experimental infections. 

Table 3 summarircs data on 31 monkeys given various doses of quinine hi- 















208 RICHARDSON, HEmTT, SEAGER, BROOKE, SURTIN AND JUDDUK 


individual cage and fed a liberal diet of mUk, eggs, bread, fresh vegetables, fruit 
and peanuts. Blood for parasite counts were taken daily at approximately the 
same hour (8:00 A.M.-9:00 A.M.) 

AH drugs were administered by stomach tube in a volume of 10 cc. per monkey 
for each dose. Soluble drugs were dissolved in water and insoluble ones were 



I 2 3 4 S 6 7 S » 10 II J2 

DAYS AFTER INOCULATION 



DAY ON WHICH DEATH OCCURRED 



3 4 3 S 7 a 0 10 II IS 

DAYS AFTER INOCULATION 


Fig. 3. Course of Untreated Plasmodium knoavlesi Infections in Macaca mulatta 
Monkea's folloaving Intbaae.noas I.njection of 50 Million Parasitized Cells 

PER Kilo 


suspended in a 2.5 per cent aqueous starch emulsion. In order to maintain a 
reasonably constant blood level, each daily dose was given in three diAuded doses 
at approximately 8-hour intervals (8:00 A.M; 3:00 P.hl.; and 10:00 P.M.) 

Because of limitation of cage space, it Avas ordinarily possible to run only 10 or 
15 animals at any one time. In order to utilize the limited number of monkeys 
to the best adA-antage it Aims necessai^- to use only a feiv doses of any one com- 
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pound in any one experiment, and to await the results of each series of tests 
before planning additional experiments. Because of this plan the final results 
of a number of experimental series, carried out at different times, had to be 
combined and compared. Table 2 illustrates one such typical experiment. 

The effect of quinine on plasmodium knomtjEsi infections. As noted 
previously, several investigators have published data on the effect of quinine, as 
Kell as other antimalarial drugs on P. knowlesi. Row, Dalai and GoUer Keri 
(10) state that a dose of 2.5 grains of quinine checked the infection but a re- 
crudescence occurred within a few days which was fatal unless treated. Chopra 
and Das Gupta (1) found the immediate response to quinine slower than to 

TABLE 2 

Chemotherapy P. knowlesi in Macaca mulalla monkeys 


Protocol of experiment; 8-7-44 — Inoculated with 50 million parasites per kilo. All 
drugs administered by stomach tube three times daily at eight hour intervals. Volume of 
each dose 10 cc. Treatment begun 18 hours after inoculation and continued for 5 days. 
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atabrine. Chropra, Ganguh and Roy (2) were unable to save monkeys with 
high doses of quinine when the number of parasites reached 1 million per cmm. 
Nauck (9) found that the effective dose of quinine was higher than in human 
malaria and that quinine acted slowly on the dividing forms of the parasites. 
In these and other reports, however, the method of drug administration, the 
number of doses of quinine and the time during infection when treatment was 
started were not comparable. Moreover, a standard parasite inoculum was not 
used. It wms futile, therefore, to attempt to compare the results obtained by 
different investigators under these conditions or to evaluate the results in terms 
of other axperimental infections. 

Table 3 summarizes data on 31 monkeys given various doses of quinine bi- 
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sulfate. la 7 aaiiaals given up to 18.6 mgm. per kilogram a day, only 2 had a 
course -which indicated an antimalarial effect; however, even these 2 animals 
relapsed and died as soon as treatment was discontinued. 37.25 mgm. per 

TABLE 3 


Summary of effect of drugs on P. knowlesi infections in Macaco mulatto monkeys inoculated 
intravenously with BO million parasites per kilogram 


DOSE OF DEOC ' 

1 

1 

koitbee of I 

UONCTVS 

1 

iroirAtrrv 

UEAK OF menzsr 
parasite counts 

DP TO AND INCLUD- 
INC 10th DAV* 

ESTISUTE 1 
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AcnviTV 1 

1 

REMABS3 

Per cent ' 

> 1 

Ibfean day | 
of death, j 

Untreated controls 

rngn, per kilo per day 

46 j 

1 91.3 

6.3 +0.71 

j 45.4 +3.5 

1 

1 
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1 

1 
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Quinine bisulfate 
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mm 

mgm 

5.3 


ISO.O (88.8) 1 
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. 0-0 1 
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0.5 1 



Sulfadiazine 


0.015 

® ! 
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49.2 



0.03 
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7.6 

46.0 
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7 1 
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34.8 j 
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0.12 


1 42. S 

20.0 
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Q 175.0 
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1 0.0 
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0.50 
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(+) 


(3/3 "Cure") 

1.00 and over 
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Sulfadiazine plus daily dose of 30 mgm. per kilo of p-amino benzoic acid 


1.00 
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7.50 

1 

0.0 
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Q 1.0± 

12.00 
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100.0 

6.0 

62.0 


37.50 

1 

0.0 


0.05 


187.50 

1 

0.0 


0.2 



* Per cent of red cells parasitized. 

f Figures in parenthesis refer to milligrams of quinine alkaloid. 
1 Successfully reinfected. 


kilogram per day produced a variable but significant effect, while 75 mgm. per 
kilogram per day e-xerted an antimalarial effect in all animals. Daily doses of 
150 mgm. per kilogram had a profound antimalarial effect with survival of all 
animals for an indefinite period of time, however, at this dosage scattered para- 
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sites were found for periods up to 2 months after inoculation. Hence it is 
obvious that sterilization had not occurred. 

The effects of sulfadiazine on p. knowlesi infections. Coggeshall 
(3, 4) and others have shoivn that large doses of sulfonamides of various tj^ies 
exert a profound plasmodicidal effect on P. knowlesi and that under some con- 
ditions sterilization was produced. As far as we can determine, no one has 
determined the range of doses of any sulfonamide at which this antimalarial 
effect is produced. Table 3 presents a summary of our attempts to obtain this 
information. Daily doses up to 0.06 mgm. per kilogram of sulfadiazine produced 
no consistent effect, but doses of 0.12 mgm. per kilogram produced a definite 
effect which was comparable to 22.2 mgm. per kilogram of quinine alkaloid 
indicating that on the basis of dosage by mouth sulfadiazine is 175 times as 
effective as quinine. 

On a dose of 0.24 mgm. per kilogram of sulfadiazine two of five monkeys showed 
no parasites in blood films following treatment and on reinoculation these 
animals developed typical infections. Although such a reaction is not absolute, 
it is presumptive evidence that these monkej’s had been sterilized with sulfa- 
diazine. On still higher doses of suKadiazine the number of monkeys showing 
no relapse after treatment was greater. Representative animals of each group 
which w'ere reinoculated all developed typical infections. 

The dose of sulfadiazine needed to treat P. knowlesi is so small that all attempts 
at relating this effect to blood level were completely unsuccessful. We believe 
the procedure for analysis of sulfonamides used by us was accurate down to 
approximately 0.5 mgm. per cent so that the effective concentration of this 
agent in monkey blood must have been below this. 

Because of the evidence that para-ammobenzoic acid is effective in blocking 
the antibacterial action of some sulfonamides, we thought it worth wliile to 
determine if such an antagonism could be demonstrated for the antimalarial 
action of sulfadiazine. Accordingly, we attempted to determine the dosage- 
response cuia^e of sulfadiazine when administered in conjunction wdth total 
daily doses of para-aminobenzoic acid, 30 mgs. per kilogram in three divided 
doses. The result of these experiments are also presented in table 3. The 
number of animals used is insufficient to allow detailed conclusions, but it is 
probable that the minimal effective dose of sulfadiazine when combined ndth 
p-aminobenzoic acid is somewhere between 6 and 37.5 mgm. per kilogram per 
day. It seems quite certain that at least 100 times as much sulfadiazine is re- 
quired in the presence of this dose of para-aminobenzoic acid to produce an anti- 
malarial effect as in the absence of it. 

The effect of delayed tkeatment on the .action op quinine .and op 
SULFADIAZINE. Other studies in man and in animals have indicated that 
sulfadiazine acts more effectively as a suppressive agent than as a curative agent. 
Therefore, we thought it important to see whether the striking action of sulfa- 
diazine reported above was due to the fact that treatment was begun earlj' in 
the disc.ase at a time nhen only a few parasites were present and was a “sup- 
pressive” rather than a “therapeutic” action. In order to test this, experiments 
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were carried out in which instead of beginning treatment fifteen hours after 
inoculation treatment was delayed until 72-80 hours after inoculation. Table 
4 illustrates the effect of quinine and of sulfadiazine when used in this way. 

At the time of beginning treatment parasites counts in the e\'perimental 
groups were as high or higher than those ordinarily seen in untreated controls. 
For approximately 24 hours the course of the disease in treated animals was 

TABLE 4 

Effect of delayed trcalment of P knowlest with quinine btsulfatc and sulfadiazine 


Macaca mulatta monkeys inoculated n ith 50 million parasitized cells per kilo — treatment 
started 72 hours after inoculation, three daily doses at 8 hour intervals 


MOVKEY 

TOTAL DAILY 

PER CENT PARASITIZED CELLS ON DATS AFTER IVOCtTLATlOV 
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1 2 1 
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1 2 
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0 6 
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34 0 

14 8 
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(+) 

0 1 

(-) 
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75 0 

0 7 

18 0 

46 0 

1 5 

0 5 

0 05 

(+) 

(+) 
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0 4 

8 0 
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1 5 
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0 1 

4 2 


34 4 

D 
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0 12 

0 S 

2.6 

42 4 

0 2 

0 1 

(+) 

(-) 

(-) 
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0 24 
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5 8 

35 6 

8 0 

0 4 

oa 

(+) 

(+) 

2 0 
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0 48 

0 3 

1 9 


6 4 

0 2 

(+) 

(+) 

(-) 
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0 48 

0 4 

2 0 


0 1 

(+) 

(+) 

MiU 

(-) 

(-) 
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0 96 

0 6 

2 8 


7 2 

(+) 

(+) 

(+) 

(-) 

(-) 

746 

1 92 

1 2 

72 


(+) 

(-) 

(+) 

(+) 

(-) 

(+) 


Untreated controls — mean of 46 monkeys 


0 6 

2 8 

20 2 

31 5 

27 8 

■ 


(80 2% dead by 7th day) 


• In terms of bisulfate; to obtain dosage of quinine base multiply by 0 6 


similar to untreated animals, and the parasite peak reached was equally high 
in both groups. In spite of this, animals given an adequate dose of quinine or 
sulfadiazine improved and survived wheieas most of the untreated controls 
died. It is of interest that the effective dose of these two drugs under these 
conditions was about the same as when treatment ivas started within fifteen 
hours after inoculation 
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CONCLUSIONS 

1. Detailed studies of the course of untreated P. knowlesi infections in Macaca 
mulatta monkeys have indicated how this host-parasite relationship may be 
used for quantitative chemotherapeutic studies. 

2. Sulfadiazine is approximately 175 times as active as quinine in the treat- 
ment of this experimental infection. 

3. It has been demonstrated that the chemotherapeutic effect of sulfadiazine 
in vivo in monkeys can be antagonized by para-aminobenzoic acid. 

4. Delaying treatment of P. knowlesi infections in monkeys until the disease 
has become well established has no effect upon therapeutic effects of quinine or 
sulfadiazine. Both appear to act with equal rapidity. 
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Introduction. In the course of a pharmacological study, invohung the 
measurement of analeptic acthdt}’’ (1), it was necessary to determine the toxicity 
of picrotoxin and amphetamine. No difficulty was encountered in determining 
the L.D.50 of picrotoxin; the values found showed excellent agreement with 
those already recorded. When amphetamine was examined, an entirelj' different 
situation arose. No consistent results could be obtained. 

Gunn and Gurd (2) found, with benzedrine and allied compounds, “which 
produce a similar stimulation of the central nen-ous system, that the sjTnptoms 
of excitement are much more pronounced if several injected animals are kept 
together in a cage or tray. If one animal is kept alone in a jar, no verj’’ striking 
qunptoms of excitement may be exhibited, w-hereas when several are together 
and especially if they have room to run, they excite one another”. This ex- 
citement was very conspicuous in mice receiving toxic doses of amphetamine in 
this laboratory. From this it seemed probable that the presence of other mice 
confined within a limited space might be a factor influencing the toxicity of 
this drug. 

Aggregation of animals in cages is knowm to affect a number of animal char- 
acteristics (3). It was, therefore, thought worth while to discover whether 
confining a number of mice together influenced the toxicity of amphetamine and 
related compounds for mice. Ephedrine and methediine were also studied 
because of their known stimulation of the central nervous system and adrenaline 
was included because of its close chemical relationship to the other amines 
associated with a much less pronounced action on the central nervous sj’stem. 

Methods. Large numbers of mice were required for the investigation, as it was decided 
to make each set of observations on a single occasion in order to eliminate uncontrolled 
factors which might influence the toxicity of these drugs. The mice were obtained from 
outside sources on two occasions; on the third, tests were made with a healthy stock of 
fawn (GFF) animals extracted by brother-sister mating for five to ten generations 
from the “farm stock” supplied by the Agricultural Research Council Field Station, 
Compton. 

In each test the dose was administered in the same volume of water. The room tem- 
perature was maintained at SO'F. Only animals of one sex were used on any one occasion. 
The body weights of the mice were confined within the limits of IS to 22 grams. Dosing was 
in proportion to body weight. 

The h 3 ’drochlorides of adrenaline, methedrine and ephedrine and the sulphate of am- 
phetamine, have been used for this work. All of these were dissolved in redistilled water 
and single injections were made with a number 14 “Record” needle into the subcutaneous 
space behind the head. 
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At least two responses wrere obtained on the dosage mortality curve close to the median 
response, with a minimum of ten mice at each dose level. The regression co-efficient of 
probit percentage mortality on log dose; the L.D. 50 were calculated by the method of 
least squares and the values were checked by plotting the equation to the line found by 
calculation. Weighted values were obtained for the probits whenever the distribution of 
the response was unsjinmetrical about probit 5 0 or when 0% or 100% responses were in- 
cluded in the calculations. In calculating the values of L.D. 50 and of b (regression co- 
efficient), we have followed substantially the method of Bliss (1938). The values of s’ 
and s’b consequently represent the variances of a single observation and of the regression 
-ecofficient respectively. They are the squares of the corresponding logarithmic standard 

TABLE 1 


Effect of social environment on toxicity* 


SCBSTANCX 

L D (UCM /KCU ) 

REGRESSION CO EmCIENT (b) 

1 in boT 

10 in boT 

Mean 

ratio 

1 in box 



Amphetamine 





1 


Isl test 

117.3 

14.01 


7.18 

5 08 



(0.001301) 

(0 004606) 

9 95 

(1.098) 

(7.238) 

0.72 

2nd test 

S9.o5 

7.00 


S 56 

5.09 

1 


(0.001221) 

(0.00433) 


(6 885) 

(3.9) 


Methedrine 

23.26 

7.56 

3 09 

3 53 

mm 



^ (0.00002078) 

(0.002028) 


(0 003996) 



Ephedrine 




■■ 



1st test.. 

100.0 

43.92 



4.89 



(0 01516) 

(0.01856) 

4.00 


(7 841) 


2nd test 

238 58 

40.87 


3.00 

2.27 



(0 004275) 

(0 006770) 


(0.6373) 



Adrenaline 







1st test 

3 96 

2 17 


5.59 

4.45 



(0 003213) 

(0 00491) 

2.06 

(5.6) 

(■1^1) 

! 

0.53 

2nd test 

1 4 5S 

1 98 


6.00 

1.68 



1 (0 OOS164) 

(0.00909) 


(16.75) 

(3.6) 



Figures for logarithmic variance, s’, are given in parentheses, 
•OFF mice, cT See p 214 


errors. Tlic limits of error for any \aluc of L.D .50 arc found by multiplying s by the 
appropriate factor (e g 1.96 for P = 0 95). 

REbULTs. (a) The effect of the presence of other mice. The effect of the 
presence of other mice Ls show n in table 1. It Ls seen that if the area per mouse 
Is kept constant, the presence of nine other mice doubles the toxicity of adren- 
aline and incrca.s(r- that of amphetamine nearly ten times. The effect on the 
toxicity of ephedrine and methedrine lies between that of these two substances. 
The result^ grade the substances in a manner which parallels their relative 
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stimulation of the central nervous sj'stem and may be an expression of this 
activity. 

(6) Effect of central nervous excitation on behaviour. Obsenmtion of the mice 
is essential to an}" undei-standing of the e.\'ceptionaI sensitivity to the presence 
of other mice which these drugs induce in a single mouse. The central nervous 
stimulation produced by amphetamine, ephedrine and methedrine changes the 
behaviour of the mice so that they begin moving rapidly round the cage, running 
over and under each other just as they would normally avoid other obstacles in 



PL.\TE I 

la. Group of normal mice. 

lb. E.\cessive runiiinR of “Benredrinised” mice at early stage in social activation. 

l c. “Defensive encounters” between pairs of “Benzedrinised” mice under soci.nl 
activation. 

l d. Xormal mouse (centre), and "Benzedrinised” mouse (corner) showing (ypical 
“apprehensive” posture. 

their path (Plate lb). -Vt the same time the animals a.-;sunie characteristic 
postures when not in motion (Plate Id). The reactivity of the mice is increased 
by the .simultaneous appearance of an "apprehensive attitude” (see below), 
so that their behaviour becomes related to that of other mice in the box in .such a 
way that mutual excitation of one mouse by another ultimately increases the 
e.xcited behaviour of the group to tumultuou.s proportions. Finally, abnormal 
convulsive behaviour ensues in .some mice, leading eventually to their death. 
Adrenaline, on the other hand, induces merely this postural change, without 
much pronounced motor stimulation. Convulsions appear suddenly without 
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prior symptoms in mice receiving adrenaline. They are very violent and almost 
invariably lethal. Thus, a dose that was initially non-toxic becomes lethal 
through the alteration of the psychic condition it brings about in the mice. 

Reference has already been made to the obser\'ation of Gunn and Gurd who 
have noticed that in groups of mice “the symptoms of intoxication are very 
characteristic ; the animals are extremely restless, make frequent rapid rushes often 
accompanied by squealing, and sometimes sit up on their hind quarters with 
inquisitive rotational movements of the head and neck. Occasionally there 
are clonic convulsive movement.” When the individual mouse that has received 
10 mgm./kgm. of amphetamine is alone in a box, periodic squeaks and rapid 
running movements occur spontaneously. The rapid running movements of 
these mice are interrupted by short periods during which the animal remains 
rigid and alert, often adopting the characteristic postures mentioned by Gunn. 
During all these movements it mostly remains close to the sides of the box, with 
head turned away from the wall, eyes looking upwards and the off hind-legs 
extended, with a characteristic slinking gait, unlike the normal untreated mouse, 
which will cross from side to side and often sits cleaning itself fully exposed to 
view (Plate Id). In short, therefore, the “benzedrinised” mouse is “appre- 
hensive”. 

Such mice, when placed together in groups, react to one another’s squeaks by 
little jumps and by adopting a position of readiness for action, made up of the 
postures just mentioned. If, moreover, they are approached by other mice, they 
either attempt to run away or adopt a defensive alliiude towards the approaching 
animals. In these defensive attitudes the mice rear on their hind quarters with 
forepaws and noses almost touching. They may remain in this position for as 
long as a minute, gradually swaying in unison opposite one another and some- 
times squeaking. This behaviour we have termed a ‘‘defensive encounter”, 
since neither mouse attacks the other, but merely adopts a defensive attitude to 
It (Plate Ic). Jumping may occur erratically; a mouse may then land near 
another and in this way evoke a “defensive encounter”. On the other hand, the 
mouse which has been approached and frightened in this way may run away or 
jump. These are for obvious reasons called “escape reactions”. The net result 
rs that in a group of ten “benzedrinised” mice “defensive encounters” and 

escape reactions” alternate rapidly. This leads to the most intense activity, 
which reaches a peak and rapidly declines, leaving some of the mice exhausted 
or convulsing. Owing to the influence of one mouse upon another, the activity 
of the group assumes a periodic character. For a moment all the animals will 
a.ssume rigid postures, then a sound, a squeak or a movement of one of the mice 
start.s violent outbursts of activity to be followed later liy another short period of 
quiet. It is clear, therefore, that a chaiacteristic form of social behaviour Is 
engendered by amphetamine in groups of mice confined n ithin a space sufficiently 
restricted to bring them into close pioximity with each other, but not such that 
there is insufficient room for each mouse to move independently. 

(c) The effect of varying the degree of aggregation. This l)chavioiir induced by 
amphetamine, and to a modified extent by ephedrine and methedrinc, .suggested 
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TABLE 2 

Ej^ect of area per mouse on mortalilyduc to Ephedrine hydrochloride in 9 
(Sin'ss) mice, in groups at R.T. 80°F. 

Dose : 50 mgm./kgm. in 25 ml. solution. No. of mice per e\periment : 
32. Box area 590 sq. cm. 


EXPT 

NO OF CROUPS 

1 

NO IN CSOLP 

AREA PER HOUSE 

NO DIED 

MORTAUTY 




sq. cm 


fer cent 

1 

1 

32 

18 

30 

94 

2 

2 

16 

37 

18 

56 

3 

4 


74 

11 

35 

4 

8 



0 


5 

16 

1 



0 

0 


TABLE 3 

Effect of area per mouse on mortality due to Amphetamine 
Benzedrine") in d' mice.f in groups 


Dose: 20 mgm /kgm. body-neight in 20 ml. of solution. No of mice per experiment: 32. 
Sizes of boxes- 1180, 590, 295 sq. cm. 


FVPT. 

NO or 

C.ROtPS 

NO IN 
CROUP 

AREA OF I 
BOX ' 

AREA PER 
MOUSE ' 

NO DIED 

IIORTSLITV 

MEKN 

1 

2 

16 

sq cm 

295 

sq cm 

IS 

32 

per cent 

100 

100 


2 

1 

32 


18 1 

31:32* 

97:100 

99 


3 

4 

8 

295 

37 

22 

68 

6Sl 


4 

2 

16 

590 

37 

13:25* 

41:78 

60l 

64 

5 

1 

32 

1180 

37 

21 

66 

66 


6 

4 

8 

590 

74 

4:12* 

13:39 

26 


7 

8 

4 

590 

148 

2:0* 

6:0 

3 


8 

16 

2 

590 

296 

2 

6 

6 



* Duplicate experiments, 
t Ex dealer. 


TABLE 4 

Effect of temperature on toxicity* 



L D^O (UCH /ecu ) 

[ REGRESSION' CO-EFFICIENT (b) 

SOaAL E'mRON’HENT 

Room temperature 


80”F 

60'F 

1 S0“F 

60'F 

Solitary 

90 0 

(0.00141) 

197 0 

(0 0000S6S3) 

10 26 
(21.6) 

13.18 

(2.371) 

Groups of 10 

13.71 

(0.0015S5) 

1-Jl 4 
(0 005157) 

7.88 
(5 85S) 

7.32 
(22 56) 


Figures for logarithmic variance, s', are given in parentheses 
•GFFmice, o'. See p. 214. 
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that the effect of aggregating a numbei of mice together might be an expression 
of the number of encounters between the mice. The toxicitj' would, then, be a 
function of the degree of aggregation, as this would alter the frequencj' of en- 
counters between the mice. This is confirmed by the results presented in tables 
2 and 3, which show the effects of varying the area per mouse in a group while 
simultaneously decreasing the number of mice confined together. 

(d) The effect of aggregation at different temperatures. In an investigation into 
other factors influencing the toxicity of these amines, the temperature was 
found to produce an appreciable effect. As, therefore, the amount of activity 
developed in a box of mice was found to varj^ considerablj' from time to time, the 
influence of temperature on this activity was investigated. It was found that 
the activity was almost absent at 60°F, but verj- pronounced at 80°F. The effect 
of lowering the temperature, moveover, as will be seen in table 4, markedlj'' re- 
duced the effect of aggregation on the toxicity of amphetamine almost to the 
same figure as that obtained with solitary mice under the same conditions. 

SUMMARY 

1. Aggregation influences the toxicity of sympathomimetic amines in mice. 

2. As the area per mouse increases, the toxicity decreases for mice confined in a 
group. 

3. If the area per mouse is kept constant at approximately 50 sq. cm., the 
presence of [9] other mice markedly increases the toxicity of these drugs. 

4. Environmental temperature greatly influences the degree of mutual ex- 
citation and thus modifies the effect of aggregation on toxicity. 
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In a pretnous paper, the action of tetraethylammonium ion on tlie heart-lung 
preparation of the dog was reported (1). It was shown that this substance has a 
positive inotropic effect on the failing heart not unlike tliat of veratrum alkaloids 
or cardiac glycosides. In this paper the action of tetraethylammonium ion on 
the circulatory system of the intact, anesthetized mammal is described and 
analyzed. The vasodepressor effect of this substance, which is the main concern 
of the paper, was observed bj’ Marshall (13) and bj' Trendelenburg (17). It has 
hitherto not been subjected to experimental analysis. 

The effects which this substance has on the heart rate and arterial pressure are 
not unlike those produced by veratrum alkaloids (see 9). The mechanism of 
these actions of tetraethylammonium ion, however, is shown to be quite different 
from that of veratrum alkaloids. It depends upon an effect similar to the 
“nicotine paralyzing” action of tetraethylammonium ion which was described 
by Burn and Dale (3) and later studied with respect to a series of triethylalkyl- 
ammonium compounds by Hunt (4, 5, et ah). 

Methods. Cats and dogs were used. The anesthetic was usually Dial solution' (each 
cc. containing diallyl barbituric acid (Diall, 0.1 gram, urethane, 0.4 gram, and monoethyl 
urea, 0.4 gram, in aqueous solution) injected intraperitoneally in a dose of 0.7 cc. per kgm. 
In a few of the cats and most of the dogs, anesthesia was produced with sodium pentobarbi- 
tal, ’ injected intraperitoneally in doses of 35 mgm. per kgm. When decerebration or other 
destruction of the central nervous system was performed, the operation was done under 
ether anesthesia and unless otherwise noted, the experimental observations were begun one 
hour after the discontinuation of etherization. 

.\rtcrial pressure was recorded with a mercury manometer. Heart rates were counted 
from the apical impulse or from the electrocardiogram recorded by an inkwriting oscillo- 
griiph after amplification. Stimuli were applied to nerve trunks through shielded, platinum 
electrodes from a stimulator delivering square waves or diaphasic shocks of known du- 
ration at frequencies from 0 5 to 500 per sec. This stimulator was designed and built by 
Albert M. Grass. 

Tetraethylammonium bromide (Eastman Kodak Co.) was used in all experiments and 
made up in a stock solution containing 100 mgm. per cc and diluted for each experiment. 
Doses are expressed in terms of the bromide. Elementary analysis and tests for ash and 
amines showed that the sample of tetraethylammonium bromide used was pure.' Intra- 
venous injections were made into a cannula in the femoral or jugular v'ein and washed into 
the x'cnous system with 1.5 to 3 cc. of saline. Crude South .Vmerican curare or Intocostrin' 


' Generously supplied by Ciba Pharmaceutical Products. Summit, New .Jersey. 

= Sodium pentobarbital (Nembutal) was generously supplied by the .Vbbott Laboratories, 
North Chicago. Illinois. 

' Tests done by Dr. Carl Tiedekc, New York. 

< Generously supplied by E. R. Squibb and Sons, New York City. 
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was used in certain experiments to paralyze the skeletal muscles. Blood flow in the femoral 
artery of the dog*s leg was recorded bj' a flow cannula and a differential manometer 
described by Moe, Bassett, and Krayer (14). 

For the exposure of the fourth Ventricle in cats under dial anesthesia, the animal uas 
placed prone on a board and its head xx as held in a Czermak clamp at such an angle that the 
floor of the fourth x'entricle was horizontal and the neck bent sharply x*entrad at the foramen 
magnum. Through a nuchal incision, the junction of spinal cord and medulla xx'as exposed 
in a bloodless field. The foramen magnum was then enlarged bj' remox’ing the middle part 
of the occipital bone by means of rongeurs. By blunt dissection, the cerebellum was lifted 
from the fourth x'entricle; it was held up by a retractor attached to the top of the cranium. 
Before each application of tetraethylammonium bromide to the fourth x'entricle, the cup- 
like floor w as gently dried by the application of a tiny piece of dry cotton. The substance 
was then applied in a volume of 0 02 cc. 

Results. 7. Arterial pressure and heart rate in the intact animal. Single 
intravenous injections of tetraehtylammonium bromide in a dose of from 0.1 to 



tiiitufiiiMiiiittitMintitUMiii iiijii 11,1 ■■■viiviivwmwvmfiimi 
’.S ", 3b X 110 

Fig. ]. Ekfect of Tetraethxlaxixioxh m Iox on the .Arterixl Pre-sire of the Cat 
(lnder Dial .Anestheti a ) 

Mercury manometer recording from carotid artery .At the left, scale of pressure in 
mm. of mercury Time in minutes .At the signals, intrax'enous injections of tetraethxl- 
ammonium bromide m the doses indicated, in mgm per kgm .At .Y, generalized muscular 
fasciculation began. 

10 mgm. per kgm. of body weiglit produce a fall of arterial pressure in cats and 
dogs. \Mien the dose is larger, the artenal pressure rises (fig. 1). The relation 
between the dose and the peak depressor or pressor resjionse in cats is shown in 
figure 2. In this figure the heavy, broken line indic.ates roughly the mean dose- 
re-ponse relation as determined in 23 expenments. Since only S of these e.x- 
perimentb included pressor responses, the pressor part of the mean ciin'c is less 
reliable than the depre.s.sor part. Tlie result- m dog- under anesthe.-ia with 
sodium pentobaibital are similai to tho-e illu-tiated in figure- 1 and 2. 

.Vl-o plotted in figure 2 are the extreme re.-ult- among the 23 experiments, that 
is, tlie results from tho-e animal- with the lea-t and the gieatest -en-itixity to 
depre—nr and to pres-or do-e-. The figuie therefoie indicate- not only the 
nature of the do-e-ie-pon-e relation, but al-o the r.uige of effective do-e- in x'ari- 
oii- cat- I fill- the le.i-t elTectix'c depie— or do-e x'aried from 0 0.5 to 0.4 mcm. 
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per kgm., and a dose of 1.0 mgm. per kgm. might produce as little as 10 per cent 
fall of arterial pressure, or as much as 55 per cent. Furthermore, whereas in 17 
experiments 4 mgm. per kgm. or greater doses produced profound depressor 
responses, one animal had a pressor response to 4 mgm. per kgm. Another 
animal still had a depressor response to 36 mgm. per kgm. 

Ko correlation was found between the depressor or pressor sensitivities of 
various animals and either the sex or the mean basal arterial pressure of these 



Fig. 2. Pose-Response Relations: Tetbaethylammonium Ion on the Mean Blood 

Pkessvre of the Cat 

Ordinates: change of arterial pressure in per cent, on a logarithmic scale. Abscissae: 
dose of tetraethj’lanimonium bromide, injected intravenously, in mgm. per kgm., on a 
logarithmic scale. 

The heavy, broken line represents roughly the mean dose-response curve of 23 e.xpori- 
mcnts. The finer lines are plotted from experiments representing the e.xtremc results from 
this group. 

animals. Two animals tested firet under ether and again one hour after inter- 
collicular decerebration and removal of the ether (fig. 4A, B), and one tested 
under chloralose had dose-response relations similar to those of the other 20 
animals under dial anesthesia. 

The depressor sensitivity and the pressor sensitivity of a given animal bear no 
constant relation to each other. Thus in figure 2 the animal with greatest de- 
prc.ssor sensitivity had an average pressor sensitivity, like that of se\’eral other 
animals which had average depressor sensitivities. -And the animal with the 
least pressor sensitivity had an average depressor sensitivity. 
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The time characteristics of the depressor responses are functions of the dose. 
After rapid intravenous injection, the arterial pressure begins to fall vrithin 5 to 
15 seconds, reaches its lowest level in | to 2 minutes, and returns to the basal 
level in 2 to 20 minutes. Often the return to basal is followed by a slight eleva- 
tion of pressure lasting 3 to 10 minutes. 

In response to large depressor doses of 3 to 5 mgm. per kgm. the mean fall of 
pressure among 15 experiments was 53 mm. of mercury (range 28 to 68), that is, 
50 per cent of the mean basal arterial pressure of 105 mm. of mercury (range 82 
to 137). 

When doses of 1 or 2 mgm. per kgm. of tetraethylammonium bromide are in- 
jected intravenously in cats every 5 to 10 minutes for an hour, the corresponding 
depressor responses do not diminish or increase. If, however, a single large dose 
is injected in the middle of such a series, the subsequent responses may for a time 
be pressor rather than depressor and do not return to the original form and e.xtent 
for a long period. Thus when 30 mgm. per kgm. was injected in the middle of a 
series of injections of 2 mgm. per kgm. every 11 minutes, the responses to the 
succeeding 6 injections of the smaller dose were pressor. In another experiment, 
the response to a small dose had not returned to the basal state two and one half 
hours after an injection of 60 mgm. per kgm. 

Continuous intravenous infusion of tetraethylammonium bromide at rates 
from about 0.1 to 0.5 mgm. per kgm. per min. in cats produces a fall of arterial 
pressure which begins within the first minute or two and after two to four minutes 
reaches a steady level which is proportional to the rate of infusion. Recovery 
upon cessation of the infusion occurs at a rate comparable to that found after 
single intravenous injections. 'W’hen the rate of intravenous infusion is greater 
than 0.5 mgm. per kgm. per min., the arterial pressure falls as described and then 
rises gradually. With very high rates of infusion of the substance, the pressure 
may rise above the basal level within a few minutes. 

Intramuscular and intraperitoneal injections of tetraethylammonium bromide 
were performed in 6 cats under dial anesthesia. In 2 of the 6 animals, initial 
doses of 10 mgm. per kgm. produced moderate falls of arterial pressure lasting 50 
and CO minutes. In another animal an initial dose of 4.5 mgm. per kgm. pro- 
duced no effect on the arterial pressure; and in the remaining 3 animals the 
response to doses of 4 to 10 mgm. per kgm. was a rise of 5 to 15 mm. of mercury. 
Tile responses to subsequent intramuscular or intraperitoneal injections in the 
same animals were also variable. Of 12 such obsen^ations, depressor responses 
of 7 to 51 per cent to doses of 10 to 100 mgm. per kgm. occurred in 6; no response 
occurred in 3 instances with doses of 5, 30, and 30 mgm. per kgm. respective! j'; 
and pressor responses occurred in 3 after 30, 50, and 100 mgm. per kgm. 
respectively. 

The usual response of heart rate in anesthetized dogs and cats to intravenous 
injection of depressor doses of tetraethylammonium bromide is a moderate 
bradycardia similar in course and duration to the depressor response. In cats 
and dogs the smallest depressor doses produce no change of heart rate. Brady- 
cardia is seen only ivith doses greater than about 0.25 mgm. per kgm. Except 
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for this difference of sensitivity, the dose-response curve for bradycardia is similar 
to that illustrated in figure 2 for the depressor response. The greatest decrease 
of heart rate observed was 40 per cent. On three occasions in cats, the response 
of the heart rate was a moderate tachycardia instead of the usual bradycardia; 
yet the depressor response was typical. In 2 of these the basal heart rate was 
unusually low (about 100 per min.) for the cat under dial anesthesia. 

Discussion. The results presented so far make it clear that tetraethylammo- 
niiun ion produces a significant fall of arterial pressure in cats and dogs over a 
wde range of doses. The response increases in intensity and duration vith the 
dose between 0.1 and 10.0 mgm. per kgm. injected intravenously. Doses of 3 to 
5 mgm. per kgm. produce a 50% fall of pressure lasting 20 minutes. Continuous 
intravenous infusion of the substance at suitable rates causes a fall of arterial 
pressure to a steady level. The results of intramuscular and intrapen’toneal 
injection are less predictable. The vasodepressor response is usually accompa- 
nied by a moderate bradycardia; but occasionally when the initial heart rate is 
low, tachycardia occurs. 

Marshall (13) observed vasodepressor responses similar to those described 
above, upon the intravenous injection of tetraeth 3 dammonium chloride in the 
rabbit. He reported that the cat is less sensitive to this effect than the rabbit. 
P. Trendelenburg (17) noted a fall of arterial pressure in the rabbit. Otlierwise 
this effect of tetraethjdammonium ion has passed unnoticed. 

The bulk of this paper is devoted to an analj-sis of the site of action of tetra- 
ethjdammonium ion in producing the vasodepressor response. The possibilitj’^ 
that the fall of arterial pressure might result from a negative inotropic effect upon 
the heart has been excluded in a pre\dous studj- of the action of tetraethylammo- 
nium ion on the heart-lung preparation of the dog (1). Rather than a negative 
inotropic effect, this substance has a positive inotropic effect when the heart is 
failing. A minimal positive inotropic effect is produced bj’ a single dose which, 
if distiibuted through the blood of the heart-lung preparation, would make a 
concentration of 1 : 100,000 (48 micromols per liter). In intact cats and dogs the 
vasodepressor effect is produced bj"^ 0.1 to 10.0 mgm. per kgm., in other words, bj' 
an overall concentration of 1:10 million to 1 : 100,000 (0.48 to 48 micromols per 
liter). These crude calculations suggest that the largest vasodepressor doses 
might improve the failing heart in the intact animal. 

n. The rdic of the bradycardia. The changes of heart rate which result from 
the intravenous injection of tetraethylammonium ion maj’- also be e.xcluded as 
possible causes of the vasodepressor effect of this substance. The bradj'cardia 
which usuallj' accompanies the fall of arterial pressure is never marked. The 
occasional animals in which the response was tachycardia instead of bradycardia 
emphasize the minor role of heart rate in the production of the fall of arterial 
pressure. 

In the cat and dog, section of the vagus nerves in the neck does not alter sig- 
nificantlj' either the depressor response or the bradj'cardia produced bj' intra- 
venous injections of tetraetlij-lammoniiun bromide. Removal of the carotid 
sinus area in the vagotomized cat in two experiments slightly increased the dc- 
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pressor response and the bradycardia. Complete decentralization of the cats 
heart by vagotomy and evcision of the stellate ganglion and the next three pairs 
of thoracic ganglia abolishes the response of heart rate to small or moderate de- 
pressor doses (fig. 6) without diminishing the depressor effect. 

The possibility that the vasodepressor and cardiodecelerator responses totetra- 
eth 3 dammomum ion might depend upon the stimrrlation of receptors in the heart 
and lungs and in the carotid sinus region is ruled out bj' these experiments. Thus 
the mechanism of action of tetraethj-lammorrium ion is unlike that of veratrum 
alkaloids, which produce a similar cardiovascular response by an action on these 
receptors (see 9). 

777. The peripheral resistance. Since the vasodepressor action cannot be 
attributed to an effect of tetraethjdammonium ion on the heart, this action must 
be due to a decrease of peripheral circulatorj' resistance. In order to test the 
changes in peripheral resistance resulting from the injection of tetraethj'lammo- 
nium ion, carotid arterial pressure and femoral blood flow neie recorded in 7 
anesthetized dogs weighing 15 to 21 kgm. The basal femoral blood flow was 
from 45 to 120 cc. per minute. 

^^'hen tetraethylammonium bromide is injected intravenouslj- in small or 
large depressor doses, the fall of arterial pressure is usually accompanied bj' an 
increase of blood flow in the femoral arterj' (B and C in figure 3). In one ex- 
ceptional experiment the fall of aiderial pressure w as accompanied bj' a decreased 
femoral blood flow ; in this animal the basal arterial pressure w as very low . 

Intra-arterial injections in a volume of 0.1 cc. were made into the stream of 
femoral arterial blood ^•ia the distal side-tube of the flow cannula. Control in- 
jections of saline produced no changes in sj'stemic pressure or femoral blood flow. 
Intra-arterial injections of tetraethjdammonium bromide in doses of 0.3 mgm. or 
less per kgm. of bodj" weight did not affect the sj-stemic arterial pressure. In 
three of the experiments, doses of about 0 5 mgm. per kgm. produced, after a 
dclaj’ of 20 to 40 seconds, a fall of arterial pressure accompanied bj' an increased 
flow of blood through the femoral arterj’. Bj' contrast, the liminal depressor 
dose by intravenous injection in the series of 7 animals laj' between 0.1 and 0.3 
mgm. per kgm. 

hen the arterial pressure did not change as a result of intra-arterial injections 
of tetraethj’lammonium bromide, the blood flow in the femoral arterj’ either de- 
creased slightly or did not change (.V in figure 3). With larger intra-arterial 
doses, a similar decrease of flow preceded the delaj’ed depressor response. In 
one exceptional instance, an injection of 0.5 mgm. per kgm. into the femoral 
arterj’ produced an increase in femoral blood flow which preceded bj’ a few’ 
.-econds the sj’stemic depre^r response. 

Ihe experimental results described above illuminate considcrablj' the mecha- 
nism of the fall of arterial pressure produced bj’ tetraethylammonium ion. The 
flow of blood through the femor.d arterj’ is detennined bj’ the arterial pre'-sure 
and bj' the rcristance of the vascular bed into which the blood is being delivered. 

henthcartcrial pres.'ure i' reduced bv agencies which do not affect the resistance 
of the femoral l>ed, the flow in the femoral arterj’ dccrea‘K>«. Wien tetraethvl- 
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ammonium ion was injected in such a way as to produce a fall of arterial pressure, 
however, the femoral flow usually increased. This increase of flow in the presence 
of decreased pressure indicates a marked active vasodilatation in the femoral 
bed as a result of the systemic injection of tetraethylammonium ion. Since the 
heart has been ruled out as a cause of the vasodepressor response, we may con- 
clude that the chief cause of this response is vasodilatation. 

Intra-arterial injection into the femoral bed provides a means of obserwng the 
local effects of a arug on the smooth muscle of the vessels. In most instances the 



Fig. 3. Effects of Intravenous and I.ntra-arterial Injections of Tetraethyl- 
ammonium Ion o.v the Systemic .Arterial Pressure and on the Flow of Blood in 
THE Femoral Artery in the Dog (Sodium Pentobarbital .Anesthesia) 

Top line: respiration as recorded by a lever attached to the chest. Second line: arterial 
pressure recorded bj' a mercury manometer from the carotid artery; at the right, scale of 
pressures, in mm. of mercury. Third line: flow of blood in the femoral artery; for method 
of recording, see text under Jlethod; upstroke indicates increase of flow. Fourth line: time 
in 5 second intervals. Bottom line : signal. 

At the signals, injections of tetraethylammonium bromide in the doses indicated, in 
mgm., either intravenouslj- (i.v.) or into the distal arm of the flow cannula in the femoral 
artery (i.a.). 

intra-arterial injection of tetraethylammonium ion produced no change in the 
blood flow. Some injections led to a decrease in the flotv, while the S 3 ’’stemic 
arterial pressure remained constant; hence, in these instances, tetraethj'lammo- 
nium ion had a vasoconstrictor action. Teschendorf observed a slight vaso- 
constriction when 10 micrograms or more of tctraeth.vlammonium chloride tverc 
injected into the perfused hind-leg preparation of the frog (16; see also 13). In 
the experiments described above no intra-arterial dose of tetraethylammonium 
ion which did not cause a fall of s.vstemic arterial pressure produced a vasodilata- 
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tlon in the vascular bed into which it was injected. Thus, the local action of 
tetraethylauimoniuin ion on the vascular bed is, if anything, a vasoconstriction. 
Consequently, the vasodepressor responses to this substance cannot be explained 
by its local action on the vascular smooth muscle. The vasodilatation which 
results from the systemic injection of tetraethylammonium ion is produced by an 
action elsewhere in the body. 

IV. The vasomotor centers. Since intravenous injections of tetraethylammo- 
nium ion cause an active dilatation of the arterial bed of the leg by an action 
elsewhere in the body, it seemed likely that the vasomotor nervous system might 
be involved in the depressor response. It was therefore desirable to test the pos- 
sibility that the vasodepressor effect lesults from an action of tetraethylammo- 
nium ion on the medullarj' centers. Tetraethylammonium bromide was applied 
to the region of the vasomotor center either by direct application to the floor of 
the fourth ventricle or by injection into the circulation of the head ina the carotid 
or vertebral arterj". The substance was applied to the floor of the fourth ven- 
tricle using cats under dial anesthesia in 4 experiments. Doses from 5 micro- 
grams to 5 milligrams in a volume of about 0.02 cc did not significantly affect 
the arterial pressure. In one experiment an initial dose of 0 2 mgm. led to a slow, 
moderate rise of arterial pressure, and in another experiment an initial dose of 40 
micrograros was followed by a slight fall of pressure and then a slow, slight rise. 
In each of these experiments subsequent doses did not affect the arterial pressure. 
After as much as 1 mgm. had been placed in the fourth ventricle, intravenous 
injections of tetraethylammonium bromide had their usual effect. These large 
doses of the drug placed in the fourth ventricle led to muscular twitching in the 
face, tongue, and stemomastoid muscle which began after a pause of 5 to 10 
minutes. 

In 3 experiments in cats the depressor effect of 0.1 to 0.5 mgm. per kgm. of 
tetraethylammonium bromide was about the same when injected intravenously 
as when injected into the arterial circulation of the head. 

In two etherized cats, depressor doses of tetraethylammonium bromide were in- 
jected intravenously before and an hour after decerebration at the intercollicular 
level and removal of the ether. The depressor responses were unaffected by 
removal of the forebrain (fig. 4, A and B). 

Thus although high concentrations were capable of stimulating themotorneives 
arising in this region, as evidenced by the fasciculation of muscles in the face and 
neck, no direct action of tetraethylammonium ion upon the vasomotor center was 
apparent The depres.sor effect of a given dose w as the same w hether distributed 
generally about the body by intravenous injection or whether injected into the 
circulation of the head. 

Since no obvious effect of tetraethylammonium ion on the vasomotor centers 
w iw found , It V, as desirable as anext move to determine the effect of destriicf ion of 
tile medulla on the vasodepressor action. 

In 9 experiments in cats (0 anesthetized with ether and 3 with dial), the brain, 
inclusive of the medulla, was destroyed by pithing from the foramen magnum. 
'Hiis procedure leads to a hrief rise of arterial pro'sure, followed by a fall which 
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may sometimes proceed gradually for two or more hours before a steads', low 
level is attained (15, 18). In 4 such experiments, doses of tetraethylammonium 
ion which are depressor for the intact animal were still depressor after the destruc- 
tion of the medulla when the arterial pressure was slowly falling. In three of 
these, doses which would be depressor in the intact animal, injected later, when 
the arterial pressure had fallen to a lower level, produced either no response, or 
slight pressor responses. This was the result also in the remaining five experi- 
ments (fig. 4, C). 


A B 
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Fig. 4. Vasodephessok Efeect of TETBAETHri.Aji.uo.viu.ir lo.v o.v the .Abtebial Pressure 
OF THE Decerebrate and the Spinal Cat; R6le of Vasoconstrictor Discharge 

Scales at left, arterial pressure in mm. of mercury. Time in minutes. .At the signals, 
intravenous injections of tetraethylammonium bromide in the doses indicated, in mgm. 

A. Nervous system intact, light ether anesthesia. 

B. One hour after intercollicular decerebration and removal of ether. 

C. After destruction of the medulla. 

D. During continuous electrical stimulation of cervical spinal cord. Skeletal muscular 
responses had been eliminated by means of curare. 

In two spinal cats, injections of epinephrine bitartrate were made at regular 
intervals and the pressor responses were recorded. The injection of about 3 
ragm. per kgm. of tetraethylammonium bromide shortly before one of these 
pressor responses did not change the course of this or the subsequent responses of 
the series. In two other spinal cats, epinephrine bitartrate was injected by con- 
tinuous infusion so that the arterial pressure was maintained constant near the 
level of normal pressure. Doses of tetraethjdammonium bromide in the dc- 
jire.ssor range had no effect on the arterial pressure under these circumstances. 
Doses which are pressor in the intact animal were also pressor here. 
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Thus when the vasomotor center of the medulla was destroyed, tetraethyl- 
ammonium ion administered intravenously still produced its vasodepressor re- 
sponse only when a slowly falling arterial pressure gave e^•idence of a continuing 
vasoconstrictor discharge from the spinal cord. After the arterial pressure had 
fallen to a steady, low level, depressor responses could no longer be elicited. 
Yet the absence of a depressor response did not depend upon the dilated state of 
the arterioles which obtains when the vasomotor tone is absent; this was demon- 
strated by the experiments in which the effect of intravenous tetraethylammo- 
nium ion was tested during continuous infusion of epinephrine. Despite the 
normal arterial pressure produced in this manner, the depressor responses were 
still in abeyance. 

The presence of depressor responses in a few animals in which the arterial pres- 
sure had not yet reached its basal level after the destruction of the medulla sug- 
gests that the mechanism by which the maintenance of arterial pressure is 
achieved under these circumstances differs in some way from that operating nith 
epinephrine. This difference may consist in a tonic discharge of vasoconstrictor 
impulses from the spinal cord even after the destruction of the vasomotor center 
of the medulla. The possibility that the depressor responses to tetraethyl- 
ammonium ion depend upon the e.xistence of a tonic vasoconstrictor discharge 
from the spinal cord was tested by injecting doses in the depressor range during 
electrical stimulation of the cerncal cord. In spinal cats, at least one hour after 
the removal of the ether, nire electrodes were inserted through the opening above 
the atlas on each side of the upper cercdcal cord. YTien strong shocks were 
applied at frequencies between 1 and 20 per second, the arterial pressure rose 
rapidly to levels which depended upon the strength and frequency of the stimula- 
tion. Simultaneously there was considerable muscular acticnty. In most of the 
observations in the 5 experiments of this type, the arterial pressure could not be 
maintained at a constant level for many minutes; it fell slowly and steadily. 
The experiment illustrated in figure 4D is unusual in that the arterial pressure 
remained at a -steady level during this stimulation. This e.xperiment is typical, 
however, in that the injection of tetraethylammonium bromide produced de- 
pressor lesponscs similar to those observed in the intact animal. In most of the 
experiments, on the other hand, the return of arterial pressure to its previous 
level after the depressor re.sponse was incomplete, as might be expected when the 
basal arterial pressure was slowly falling. 

Since the elevation of arterial pressure produced by stimulation of the spinal 
cord was accompanied by activity of the skeletal musculature, it was important 
to deteiminc the sijrnificance of this activity for the depressor responses to the 
telraetliylammoniiim ion. This was accomplished by the use of curare in three 
of the 5 experiments in which the cord was stimulated. The injection of suffi- 
cient crude curate or liitocostrin to prevent the skeletal muscular activity did 
not affect the ileprcs.-or responses to tetraethylammonium bromide. In two ex- 
perinients in intact cats under dial anesthesia, the depressor responses to the 
suhsVance were likewi-e unaffected by curarization sufficient to block the activity 
of skeletal muscles, 

inti aotlivl'immouium ion iscfTective in prodneinu a typical vasodepressor 



230 


GEORGE H. ACHESOX AND GORDON K. MOB 


effect in the spinal animal when the arterial pressure is maintained near the 
normal level by stimulation of the spinal cord but not when the pressure is main- 
tained by epinephrine, it is concluded that a vasoconstrictor tone is anindispens- 
able factor for the demonstration of the depressor response to tetraethylammo- 
nium ion. This conclusion makes the role of the vasomotor center clearer. The 
evidence cited shows a lack of direct effect of tetraethylammonium ion on the 
vasomotor center; yet when the center is destroyed, the depressor response disap- 
peais, when the vasoconstrictor tone disappears. The reestablishment of a 
vasoconstrictor tone by stimulation of the spinal cord again permits the demon- 
stration of the depressor response. Thus the vasomotor center is not of itself 
essential for the demonstration of the response; yet it nonnally supplies a factor 
which is indispensable, namelj% the vasoconstrictor discharge. 

T. Atitonomic nciirocffcctor syslans. The possibility that tetraethjdammo- 
nium ion might interfere with the vasoconstrictor tone at a peripheral site was 
studied bj' testing the effect of this substance on peripheral autonomic neuro- 
effector systems. 

In cats under dial anesthesia, electrodes were placed on the cerweal sympa- 
thetic nerve. This was crushed lower in the neck and separated from the vagus 
nerve. Figure 5 illustrates the effect of intravenous injections of tetraethyl- 
ammonium bromide upon the arterial pressure and simultaneously upon the 
isotonic contraction of the nictitating membrane produced by stimulation of its 
preganglionic nerve. The vasodepressor response is paralleled by a relaxation 
of the nictitating membrane. IMien the postganglionic fibers are stimulated 
instead of the preganglionic fibei-s, the relaxation of the nictitating membrane 
is absent (see 2). 

The effect of tetraethylammonium bromide on the cardioaccelerator and 
cardiodecelerator nerves was tested in a series of e.xperiments on cats under dial 
anesthesia. The procedures employed and the results obtained arc exemplified 
in figure G. In figure GA, the test dose of tetraethylammonium bromide (1 mgm. 
per kgm.) produced a moderate bradycardia (A 1). After section of the vagus 
nerves, the heart rate rose from 193 to 203. Xow the test dose produced a more 
striking bradycardia (A 21. 'Wffien tlie preganglionic accelerator fibers were cut 
(thus completely decentralizing the heart), the heart rate fell to 140. The pre- 
ganglionic nerves of the stellate ganglion were now stimulated electrically with 
maximal shocks at a rate sufficient to imitate the prc\’ious accelerator tone, i.e., 
to bring the heart rate up to about 190. The test dose of tetraethylammonium 
bromide now produced a slightly greater bradycaixlia (A 3). Finall 3 ', when the 
test do.rc was injected in the absence of stimulation of the cardiac innervation, 
the rate of the decentralized heart did not change significantl.v (A 4). 

In figure GB, the comparison of preganglionic and postganglionic stimulation 
of accelerator neiwcs is e.xemplified, from another experiment. The heart had 
been completely decentralized. Wlien no stimulation of cardiac innervation was 
performed, the test do.se of tetraethylammonium bromide produced no change of 
heart rate (B 1). When the preganglionic accelerator fibers were stimulated, the 
accelerated heart rate which rc.'ultctl was temporarih- diminished by the te.st dose 
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(B 2). But when the postganglionic accelerator fibers were stimulated, the test 
dose of tetraethylammonium bromide was without effect (B 3). 

In figure 6 C, the effect of tetraethylammonium ion -upon the response to pre- 
ganglionic stimulation of the right vagus nerx'e is illustrated from a third experi- 
ment. In C 1 , the effect of the test dose upon the heart rate of the intact, anes- 
thetized animal is seen to be a slight bradycardia. Section of the vagus nerves 



I'lG. o. Parallel 'Effects of TETR.AETin LAMMOMVM los os .Arterial Pressl're and on 
Co.VTRACTION OF XlCTITATING MEMBRANE ELICITED BY STIMULATION OF 
Precanolionic Xerae. Cat i nder Dial A.nesthesia 

Top line; arterial pressure rceordeil from mercury manometer; sc,alc at left, pressure in 
mm. of mercury. Second line; myogram of nictitating membrane. Third line: time in 
mimitcs. Fourth line ; signal . 

At .1, beginning of stimufation of ccrA’ical sympathetic nerve, crushed eaudad to stimu- 
lating electrodes. At B, intravenous injection of tetraethylammonium bromide, 0.3 mgm. 
per kgm, in 1 .0 ce saline At C. intnvA'cnous injection of 1.5 cc. s.aline. AID, tetraethyl- 
ammonium bromide I mgm. per kgm. 


allowed the heart rate to rise from 140 to 184, and now thetest dose produced a 
greater bradycardia ({' 2). Section of the accelerator nerves reeuced the lieart 
rate again to 140, and now the test do<K? was without effect on the rate of the (com- 
pletely docontralized) heaFl (C 3). Maximal stimulation of the vagus at 1 per 
sec. produced a fall of heart rate to 113. Wltilc the eardio-inhibitory action was 
pre.'vnt, the test dose of tetraethylammonium bromide produced a rise of heart 
rate (C 3). In C 4 and C 5, this procedure was repeated during stimulation of 
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the vagus at 3 and 10 per sec., le&pectively. The effect of the test dose oftetra- 
eth^dammonium ion, differed only quantitatively from that illustrated in C 3. 

The vasoconstrictor discharge upon which the depressor response to tetra- 
ethylammonium ion depends leaves the spinal cord \ia the sympathetic vaso- 
constrictor nerves In the S 3 ’'mpathetic ganglia the preganglionic sjunpathetic 
fibers make sj’naptic connections with postganglionic neurons. The postgan- 






Fig 6 Effect of Section \vd Stimulation of Vagus axd Accelerator Nerves ov the 
Response of Heart Rate to Tetraethalammovilm Ion Cats 
uvDER Dial Anesthesia 

Ordinates heart rates counted from electrocardiograms Abcissae time in minutes. 
At Ty intrav'enous injections of tetraeth>lammomum bromide, 1 mgm per kgm 

A ROle of accelerator tone (1) Cardiac innervation intact (2) After v'agotomy. 
(3) Completelv’ decentralized heart (section of preganglionic fibers to stellate ganglia and 
removal of thoracic ganglia 2, 3, and 4) during maximal electrical stimulation of pregangli- 
onic fibers of R stellate ganglion The rate of stimulation Mas adjusted to match the heart 
rate before dcnerv'ation (4) Same, uithout stimulation 

B .Another animal Role of ganglionic tnvnsmission Completely decentralized heart 
(I) No stimulation (2) During stimulation of preganglionic accelerator nerv’es. (3) 
During stimulation of postganglionic accelerator nerv'os 

C -Another animal Role of vagal tone (1) Cardiac innerv’ution intact (2) After 
vagotomy (3) Completelv decentralized heart M V, stimulation of vagus nerve at 1 
per sec. (4) Same, stimulation of vagus at 3 per sec (5) Same, stimulation of vagus at 
10 per sec. 


glionic* axons cany the impulses to the vascular smooth muscles. In these ex- 
periments the preganglionic axons, sepaiated fiom the central nervous sv’stem, 
were s-timiilated clectricalK' arid tiie response of the effector was recorded. U'hcn 
a tonic preganglionic discliarge wa*^ tet up m the cervical sv'mpathctic nerv'C, 
tetiaethylammonium ion produced a fall of tension of the nictitating membrane 
parallel to the fall of arterial prc^^urc. The same result obtained in the heart 
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late when the preganglionic cardioaccelerators were stimulated. Since the 
response to postganglionic stimulation was unaffected, it may be concluded that 
in each instance tetraethylammonium ion produced a block of the preganglionic 
impulses at the sjunpathetic ganglia. The lack of interference rvith the effects of 
impulses in these postganglionic adrenergic nerve fibers recalls the observation 
reported in section IV that tetraethylammonium ion does not affect the pressor 
action of epinephrine. 

Discussion. A. The mechanism of the vasodepressor and cardiodecelerator 
responses. The analysis of the site of action of tetraethylammonium ion in pro- 
ducing the vasodepressor response has thus led to the conclusion that the sub- 
stance acts chiefly if not exclusively at the sympathetic ganglia through which the 
vasoconstrictor impulses from the spinal cord must pass. At these ganglia it 
sets up a block, which prevents the preganglionic nerve impulses from being trans- 
mitted to the postganglionic neurons. This block results in a temporary diminu- 
tion of the tonic discharge arriving at the arterioles via the postganglionic vaso- 
constrictor fibers, which keeps the arterial pressure at a normal level. Hence the 
fall of arterial pressure produced by intravenous injection of tetraethylammo- 
nium ion is a consequence of temporary blockage of the vasoconstrictor tone at 
the sympathetic ganglia. 

The data presented in section V indicate that not only the vasoconstrictor 
sj’stem, but also other autonomic neuroeffector systems are subject to this 
ganglionic block by tetraethylammonium ion. The motor impulses to the 
nictitating membrane of the cat are interrupted at the superior cervical ganglion; 
and the accelerator impulses to the heart are interrupted at the stellate ganglion. 
Furthermore, impulses descending the preganglionic vagus nen^e may be blocked 
in a parallel manner by tetraethylammonium ion; the lack of direct data on 
vagal postganglionic fibers makes a podtive statement on this question un- 
warranted. Although other autonomic neuroeffector systems have not been 
tested, it seems justified to predict from the available data that theganglionic 
block produced by this substance is widespread in both the sjunpathetic and para- 
sjmpathetic nervous systems 

Since the vasodepressor responses to tetraethylammonium ion are adequately 
explained by a ganglionic block in the vasoconstrictor pathway, the changes of 
heart rate which accompany these responses might well have a parallel explana- 
tion. If cardio-accelerator tone predominates, as commonly occurs in cats nnder 
^ dial anesthesia, a ganglionic block should produce cardiac deceleration. This 
was indeed the usual response of heart rate to tetraethylammonium ion. If on 
the other hand, cardio-inliibitory discharge predominates, a block of the vagus 
ganglia should produce cardiac acceleration. In the few instances in which 
tetraethylammonium ion produced acceleration, the heart rate was unusuallj’’ 
low. Tlic results of the experiments invehang stimulation of the accelerator or 
dccclorator nerves arc adequately explained by ganglionic block. Wlien the 
rate of the decentralized heart is accelerated by stimulation of preganglionic 
accelerator nerrcs, tetraethylammonium ion produces deceleration. And when 
If is decelerated by stimulation of the preganglionic fibers of the vagus, tetra- 
clhylammonium ion produces acceleration. The effects of postganglionic accele- 



234 


GEORGE H. ACHESON AM) GORDON K. SIOE 


rator stimulation are unaffected by the substance. The stimulation of post- 
ganglionic vagus fibers was not attempted. 

B. Side effects of ieiraelhylammoniuni ion; relation to oUier substances affecting 
the avionomic nervous system. In the course of the e.xperiments on the vasode- 
pressor and cardiodecelerator responses to tetraethylammonium ion, data were 
collected on its side effects. Since tetraethylammonium ion belongs to the familj' 
of simple quaternary ammonimn compounds, one might expect it to possess 
many of the pharmacological properties of its near relatives. One of these, 
tetramethylammonium ion, resembles nicotine in its actions but also elicits 
effects reminiscent of muscarine as well as curare. In contrast to this substance , 
and many other quaternary ammonium compounds, tetraethylammonium ion 
exerts its characteristic ganglionic block without significant side effects over a 
vide range of dosage. 

Previous reports are in agreement that tetraethylammonium ion lacks entirely 
the muscarinic action which is characteristic of choline esters and other quater- 
nary ammonium compounds (4, 5, 7, 8). This is confirmed in the present work 
by the absence of vasodilatation when the substance is injected intra-arterially in 
the dog’s leg (section III), and in this and the previous paper (1) by the absence 
of a cardiodecelerator effect in the decentralized heart. It is also confirmed by 
the results of 11 experiments on cats under dial anethesia in which atropine did 
not have a consistent effect upon the vasodepressor response to intravenous 
tetraethylammonium ion. In 5 experiments, dose-response relations for tetra- 
etliylammonium bromide were examined over a vide dose range before and after 
a standard large intravenous dose of atropine sulfate (1 mgm. per kgm.). In 3 of 
these, atropine increased the responses to tetraethylammonium ion; in a fourth, 
it had no effect on these responses; and in the fifth, it decreased them. In 6 
other experiments, single test doses of tetraethylammonium ion were injected 
before and after the atropine. The vasodepressor response after atropine was 
increased in one of these, decreased in two, and unchanged in three. 

Although an anti-muscarinic, or atropine-like effect, of tetraethylammonium 
ion has been claimed (II), it has also been denied (4, 5). Its absence v'as con- 
firmed in experiments in which the effect of intravenous injections of tetraeth)'!- 
ammonium ion on tlie vasodepressor responses to acetylcholine were tested by tlie 
method of Kiihl (10). In 3 cats under dial anesthesia, small doses of acetyl- 
choline chloride (0.4 to 2 micrograms) were injected intravenously at intervals of 
3 or 4 minutes. "OTien a series of equal vasodepressor responses had been ob- 
tained as a result of these injections, a dose of 3 to 10 mgm. per kgm. of tetra- 
ethylammonium bromide was injected intravenously. The depressor responses 
to acetylcholine which occurred during the depressor response to tetraethyl- 
ammonium ion were somewhat smaller than the preMous ones. The greater 
dilatation of the arterioles at the time the acetylcholine was injected accounts 
for tliis temporarj' diminution. As soon as the arterial pressure had returned to 
its basiil level after the response to tetraethylammonium ion, the depressor re- 
sponses to acetylcholine returned to their original magnitude. 

The absence of a “nicotinic-stimulating” action over a wide range of doses of 
tetraethylammonium ion was apparent from practically everj' experiment on 
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which this paper is based. This conclusion confirms the statement of Bum and 
(Dale (3), derived from experiments on the arterial pressure of spinal cats, that 
with “reasonable doses” the “nicotinic stimulating” action is absent. Pressor 
responses were produced, however, when the dose was large enough (section I). 
The minimal pressor dose is somewhere between 40 and 360 times the minimal 
depressor dose in intact, anesthetized cats (figs. 1 and 2). Enough data are 
available in cats vith the brain pithed, or with both brain and cord pithed, to 
indicate that, when vasoconstrictor discharge is absent, the minimal pressor dose 
is smaller than in the intact animal. The mechanism of the pressor response has 
not been thoroughly analyzed. Yet the vasoconstrictor action, which sometimes 
appeared when large doses of tetraethylammonium bromide were injected into 
the circulation of the leg (section III), may play a role in the pressor effect. The 
important consideration for the present discussion is the absence of a pressor or a 
"nicotinic-stimulating” action over a wide range of doses of tetraethylammo- 
nium ion. 

The absence of significant effects upon the respiration places tetraethylammo- 
mum ion in sharp contrast to its near relative, tetramethylammonium ion, as was 
noted by Marshall (13). The latter either stimulates respiration, in a manner 
suggestive of the “nicotinic-stimulating” action of nicotine and acetylcholine 
acting at the carotid body, or paralyzes it, like curare. In the experiments upon 
which this paper is based, muscular paralysis or respiratory failure was never 
observed with large or small doses of tetraethylammonium ion. When muscular 
paralysis was produced by curare, the vasodepressor response to tetraethyl- 
ammonium ion w'as unaffected (section IV). The question whether tetraethyl- 
ammonium ion has any true curariform action upon skeletal muscle is discussed 
by Ing and Wright (6). 

Very large doses of tetraethylammonium ion injected intravenously produce 
muscular fasciculation. A fasciculation of the muscles of the neck and face w’as 
obseri'ed when the substance was placed in the fourth ventricle in sufficiently 
hi^ concentration. Fasciculation w'as reported in the frog by Jacobj and 
Hagenberg (7), and Loeb and Ewald (12) studied the stimulation of frog nerve 
by tetraethylammonium ion. 

It Was noted in section IV that tetraethylammonium ion does not interfere 
with the pressor response to epinephrine in the spinal cat. 

The absence of side effects of depressor doses of tetraethylammonium ion upon 
the heart has been descnbed in section II. The changes of heart rate are not 
such as to impair the circulation. No negative inotropic effect is present; and 
the larger depressor doses are capable of a poative inotropic effect in the failing 
heart. Only very large doses produce irregularities of the heart (1). 

Hunt (4,5) found the subcutaneous lethal dose of tetraethylammonium 
chloride in mice to be in the neighborhood of 110 mgm. per kgm , far above the 
doses considered in this papei hlarshall (13) reported that rabbits die when 50 
or more mgm. per kgm. of the chloride are injected intravenously over a period of 
one minute. 

Thus tetraethylammonium ion is a non-toxic substance capable of blocking 
conduction through autonomic ganglia without side-effects over a wide range of 
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doses. Burn and Dale (3) noted that this substance prevents the nicotinic vaso- 
pressor action of tetramethylammonium ion in the spinal cat. Hunt (4) con- 
firmed this “nicotinic-paralyzing” effect of tetraethylammonium ion and shoved 
that other triethylalkylammonium compounds also possess this propertj'. Thus 
tetraethylammonimn ion is capable of blocking the stimulating action upon 
ganglion cells either of preganglionic nerve impulses or of substances vith a 
“nicotinic-stimulating” action. Since tetraethylammonium ion itself lacks this 
“nicotinic-stimulating” action, it seems inappropriate to name the predominant 
action of this substance after a minor action of nicotine. We therefore propose 
that the predominant action of tetraethylammonium ion, which accounts for its 
vasodepressor and cardiodecelerator effects, be called simpl 3 ’^ a ganglionic block- 
ing effect. 

SUMMARY 

The actions of tetraethylammonium bromide upon the circulatory' sj'stem of 
the cat and dog have been described and analyzed. Over a wide range of doses 
(0.1 to 10 mgm. per kgm.) . intravenous injections of this material produce falls 
of arterial pressure whose magnitude is a function of the dose and which last 
several minutes. The heart rate is usually' diminished moderately, and this 
effect is absent if the cardiac iimervation is severed. 

The fall of arterial pressure is shown not to depend upon actions on the heart, 
the vascular smooth muscle, or the medullary vasomotor center. It results from 
a block in the ganglia in the efferent pathway of the sympathetic vasoconstrictor 
nerves. This ganglionic blocking action has been demonstrated in the superior 
cervical ganglion, the stellate ganglion, and the ganglia of the cardio-inhibitory 
fibers of the vagus. 

The ganglionic blocking action of tetraethylammonium ion is shown to be its 
most prominent effect. Side effects are absent with all but the largest doses of 
this substance. 
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The initiation of the AAF Ehevunatic Fever Control Program brought to light 
the fact that the existing knowledge concerning the absorption, distribution and 
excretion of salicylates was insufficient for rational therapy. The salicylates 
have been used for more than fifty years for rheumatic fever, but it was only 
recently that Cobum (2) suggested that their use has not been satisfactory, due 
to the emplojTuent of inadequate doses. Opinion is divided regarding the use- 
fulness in rheumatic fever of large doses of salicylates as contrasted with smaller 
doses (9) (10). 

The only extensive study on the metabolism of sahcjdates is that of Kapp and 
Cobum (5) (6). Thej' showed that salicylates were excreted partly as free 
salicylate, partly as salicyluric acid, and partly as gtycuronides of salicylic acid. 
In addition to these forms containing the salicyl radical, two other substances 
were isolated. Ordinarily, however, normal indiriduals excrete 80 per cent of 
the administered salicylate as compounds containing the salicyl radical (6), most 
of it as salicyluric acid. The recovery of salicyl forms is less in patients nith 
fever, partly due to a diminished excretion of EaUcjduric acid. They showed, too, 
that the excretion of salicylates is relatively slow, with about 50 per cent of it 
excreted in 24 hours, but more than half of this is excreted during the first 12 
hours. They found that after some days of sodium salicylate therapj' the free 
fraction increased markedly. 

More extensive studies on the absorption, distribution and excretion of sali- 
cj'lates have been handicapped by a lack of simple methods for the determination 
of these compoimds. Recently, Brodie, Udenfriend and Cobum (1) published a 
simple and precise method for the determination of salicylate in plasma. This 
depends on the extraction of the acidified plasma with ethylene dichloride and 
development of the color with an iron salt. They showed that after the admin- 
istration of sodium salicjdate the only substance in plasma j-ielding a color was 
free salicylate. Using this method, SmuU, Wegria and Leland (8) showed that 
lower serum levels were obtained after the administration of sodium salicylate 
plus sodium bicarbonate than after the admiiustration of sodixun salicylate alone. 
Tliey suggested that the lower levels were due to one of the following; (a) inter- 
ference with absorption, (b) increased extracellular fluid volume, or (c) increased 
renal excretion. Since sodium bicarbonate is employed commonly with sodium 
salicylate to decrease the gastrointestinal irritation, it seemed important to see if 
the last mentioned work could be confirmed, and to find out, if possible, what 

* rreViminar>- reports liavc appeared in Ted. Proc E, 203, 1910. 

•Xow at Department of Pharmacology, George Washington University School of 
Medicine, Washington, D. C. 
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effect sodium bicarbonate has. The present study was initiated for this purpose, 
although it has been extended to other problems that are related to salic}'late 
metabolism. 

Chemical methods. The method for determining salicylate in plasma was 
essentially that described by Brodie, Udenfriend, and Cobum (1). The methods 
employed for the determination of the salicyl fractions in urine are based on the 
observations of Kapp and Cobum (5) (6) and those of Brodie, Udenfriend and 
Cobum (1). Of the salicyl forms in the urine, free salicylate and sah'cyluric acid 
give a color with iron salts ■without hydrolj'sis -nhereas the glycuronates do not 
react until after hydrolysis. 

Pure unextracted solutions of salicyluric acid’ ■were analyzed and found to give 
0.82 as much color as an equal molecular quantity of sodium salicylate. 'iVhen 
pure solutions of sodium salicylate were extracted ■nith ethylene dichloride it was 
found that 0.90 of the salicylate was extracted. This is the same as the figure 
found by Brodie, et al. (1). The amoimt of salicyluric acid extracted under these 
conditions was such that the resulting color was 0.60 of that given by a pure un- 


TABLE 1 

Hydrolysis of salicyluric acid 


BOUXS BYDSOLYZED 

2<too G 

ZNCSXASE IB 2'IOC G 

PEE CENT HYPJtOlVffO 

0 

0.226 

0.000 

0 

3 

0.284 i 

0.05S 

34 

6 


0.095 

55 

12 


0.136 

79 

Complete* 


0.172 

100 


* Molecular equivalent sample of sodium salicylate. 


e.xtracted equal molecular quantity of sodium salicjdate. Similar e.xtractions 
were made employing carbon tetrachloride which was kno^wn from Brodie’s work 
to extract but a small proportion of the salicyluric acid (I). It was found that 
the color given ■svith pure sodium salicylate 'U’as 0.92 of that given b}' an ime.x- 
tracted solution, whereas the color given by an equal molecular quantity of 
salicyluric acid was only 0.04 of that given by sodium salicylate. 

It was known that brief hydrolysis with acid would free the salicyl glycuronates 
(6), but the salicyluric acid is more resistant to hydrolysis. Accordinglj' e.xperi- 
ments were set up to determine the extent of hydrolysis of pure samples of sali- 
cyluric acid after vailing intervals of time. Tlie results are given in detail in 
table 1. When the data are plotted on semi-logarithmic paper witli the per cent 
unhydrolyzed as ordinates and time in hours as abscissae a straight line e.xtra- 
polating to one hundred per cent at zero time fits the data suggesting that the 
dydrolysis follows the unimolecular law. After three hours hydrolysis and ex- 

> Samples of salicyluric acid ■n-ere kindly furnished bj- Dr. B. B. Brodie, New York Uni- 
versity and Lt. Eleanor Kapp D.arby, Naval Medical Besearch Institute, Bethesda, 
Marj’land. 
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traction ivith ethylene dichloride the color -with salicyluric acid is 0.70 of that 
given an equal molecular quantity of salicylate which has not been extracted. 
Since the original salicyluric acid gave 0.60 and the pure sodium salicylate gave 
0.90 of the color given by unextracted salicylate, it is obvious that one-third of 
the salicyluric acid has been hydrolyzed. 

Employing the above data it may be seen that readings on a calibration curve, 
employing ethylene dichloride, of a mixture of sodium salicylate and salicyluric 

acid should give SA -f X 0.82^ SU, or SA -f 0.54 SU, where SA refers to 

the free salicylate and SU refers to salicyluric acid. Sinularily, readings on the 

carbon tetrachloride curve give SA + X 0.82^ SU = SA 0.04 SU. The 

reading on the carbon tetrachloride curve is subtracted from the reading on the 
ethylene dichloiide curve and the result is0.50 SU. Also readings on the ethylene 
dichloride curve of hydrolyzed samples will give SA -f 0.33 SU 4- SG, where SG 
represents the salicyl glycuronates. Summarizing, SU = 2.00 (EDO — CCh); 
SA = ecu - 0.04 SU; ST = EDC (hydrolyzed) + 0.33 SU, where ST refers to 
total salicyl fractions as salicylate. 

Mixtures of sodium salicylate and salicyluric acid were prepared and the re- 
sulting values came vuthin 5 per cent of those predicted from the above equations. 
In addition known amounts of sodium salicylate and salicyluric acid were added 
to a sample of urine from a rheumatic fever patient. The results were calculated 
according to the above equations and they agree with those predicted by the 
equations within approximately 5 per cent. Hydrolysis of the urine for a time 
longer than 3 hours gave an increase in readings, but these were of the order to be 
expected from the amount of salicyluric acid in the samples, suggesting that all of 
the salicyl glycuronates have been hydrolyzed in the three hour period. Detailed 
directions for the determination of the salicylate in plasma and of the salicyl 
fractions in urine follow: 

Standard solutions. Sodium salicylate solution; 1.160 gm. of sodium salicylate 
dissolved in water and made up to one liter. One cc. contains 1 mg. of sahcylate. 
Salicyluric acid solution; 0.141 gm. salicyluric acid made up to 100 cc. One cc. 
is equivalent to 1 mg. of salicylate. 

Procedure for plasma. Place 1 cc. of plasma, 1 cc. of water, and 0.5 cc. of 6 N HCl and 
30 cc. of ethylene dichloride in a 60 cc. glass stoppered Pyrex bottle. Shake vigorously for 
five minutes on a shaking apparatus. Transfer the mixture to a 50 cc. centrifuge tube and 
centrifuge for five minutes at moderate speed. Remove the supernatant aqueous layer by 
aspiration. Transfer exactly 20 cc of the ethylene dichloridc layer to a dry 60 cc. glass 
stoppered bottle and add 10 cc. of water and 0.25 cc. of the iron reagent. Shake for five 
minutes. Transfer at least 0 cc. of the supernatant aqueous layer to a colorimeter tube. 
Read in the Evelyn colorimeter using a filter with maximal transmission at 540 mu. Read 
from the EDC curve tor plasma. 

Procedure for salicyl fractions in urine, a. The urine is diluted 1 to 10 or 1 to 20 and the 
extraction is carried through w ith ethylene dichloridc ns for plasma and the values are read 
on the EDC curve of the graph. 

b. A similar procedure is used with carbon tetrachloride as the solvent, and the results 
are read on the CCl, curve of the graph. 



240 


SMITH, GLEASON, STOLL AND OGORZALEK 


o. A procedure similar to that with ethylene dichloridc is employed but, instead of dilute 
acid and water, 0.5 cc. dilute urine and 1 cc. of concentrated HCl are added and the mixture 
hydrolyzed for three hours by immersing the lower part of the bottles into the steam bath. 
After cooling, 1 .0 cc. of water and 30 cc. of ethylene dichloride are added, and the procedure 
is carried out as above. The readings are then made on the standard curve for EDO, and 
multiplied by the appropriate dilution factor.. The results are ealculated as below: 


SU = 2.00 (EDO - CCI.) 

SA = CCl, - 0.04 SU 

ST = EDO (h 5 'drolyzed) + 0.33 SU 


As an incidental finding it was found that chloroform was as useful as ethylene dichloridc 
in the determination of plasma salicylates. This is of some practical importance since 
chloroform is more readily obtained in many hospital laboratories than ethylene dichloridc. 

DiSTniBUTio.v IN TISSUES, BLOOD .vND PL.VSMA. The distribution of salicylates in tissues 
was studied in rats killed approximatcl 3 - two hours after single oral doses or after the 
.animals had eaten food mixed with sodium salicjdate for several days. In the latter case 
the food was removed about four hours before the animals were killed. The salicjdates 
were determined in the tissues bj' grinding up the tissue with sand prior to the addition of 
acid and ethjdene dichloride. The chlorides were determined after digestion with a mixture 
of concentrated nitric acid and silver nitrate with concentrated potassium permanganate 
added until the mixture was clear. 

In order to determine the amount of salicj’late in the erj-throcytos, blood samples were 
taken from patients receiving salicylate, using heparin as an anticoagulant. Apparent 
cell volumes wore determined as well as whole blood and plasma salic.vintes, and from this 
the amount in the red colls was calculated. 

Studies of the binding of salicylate by plasma proteins were carried out using the ultra- 
filtration method of Lavities (7) employing a cellophane membrane. The method of calcu- 
lation is as follows: 

(1) mg. salicylate in plasma water per L. plasma = 

wt. water per cc. plasma 

— — ~ X mg. salicylate per L. ultrafilt. 

wt. water per cc. ultrafilt. 

(2) mg. salicj’late in residue water per L. residue = 

wt. water per cc. residue 

— ; — V— X mg. salicj'late per I., ultrafilt. 

wt. water per cc. ultrafilt. 

(3) mg. s.alicj’late per E. plasma associated with non-diffusible portion = mg. s.alicj’late 
per L. plasma — (I) 

(4) mg. salicylate per L. residue associated with non-diffusible portion = mg. salicylate 
per L. residue — (2) 

(5) mg. salicj’late per gm. plasma non-diffusible solids = 

(3) 


j . , -j /j i 1 "’t. water in 1 cc. plasma 

drj’ wt. 1 cc. residue — (drj’ wt. 1 cc. ultrafilt. X — 

wt. water in I cc. ultrafilt. 

(G) mg. s.alicj’late per gm. residue non-diffusible solids = 

(4) 


drj’ wt. 1 cc. residue — (drj’ wt. 1 cc. ultrafilt. X 


wt. water in 1 cc. residue 
wt. water in 1 cc. ultrafilt. 


Distribution in tissues. Wien sodium salicylate was given to rats, cither as a 
single oral dose, or mixed with food, the concentrations of salicylate in the 
tissues W’cre, as may be seen from table 2, almost as high in some tissues as w’ould 
be predicted if the concentration of salicylate in the tissue water was in equilib- 
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rium witti the concentration of salicylate in the serum. This is approximately 
true for liver, kidney, lung, and whole blood, but the concentrations in muscle - 

TABLE 2 


Concenfralton of chloride, salicylate and water in the tissues of rals after oral 
administration of sodium salicylate 
Mean cell volume, 44 



3CEQ. Cl PZft KC. raZSH TISSUE IN: 


Serum 

Liver 

Muscle 

Kidney 

Brain 

Lung 

Whole 

blood 

Mean 

100 

26 

14 

47 

31 

52 



PES CENT WATEE IN: 


Sertim 

Liver 

Muscle 

Kidney 

Bram 

Lung 

WTiole 

blood 

Mean 


71 

77 

75 

79 

80 



MC. SAtICYtATE PEE EC. EEESH TISSUE IN: 


Serum 

Liver 

l^luscle 

Kidney 

Brain 

Lung 

Whole 

blood 

[ 

mi 

220 


285 


275 

305 

Single doses < 


1,389 

1,419 

1,631 


2,002 



595 

297 

585 

253 

655 

640 

[ 

■1 

689 

243 

659 

362 

806 


( 

200 

91 

18 

160 

54 

90 

160 

Drug in food < 

300 

166 

86 

298 

139 

205 


360 

225 

110 

240 

121 

208 


[ 

270 

146 

56 

188 

83 

201 

260 


SAUCVIATE COSCENTSLATTOVS DIMDED BY TTATEE CONTENT: 


Serum 

Liver 

Muscle 

Kidney 

Brain 

Lung 

Whole 

blood 


392 

306 




344 

424 

Single doses | 


1,930 

1,845 



2,506 


783 

826 

386 


320 

820 

890 



957 

316 


458 

1,004 



218 

126 

23 

213 

68 

113 

222 

Drug in food ■ 

326 

231 

112 

398 

176 

256 


393 

313 

143 

320 

163 

260 



294 

■1 

73 

251 

105 

253 

361 


and in brain arc approrimately one-half as high as might be predicted on the 
basis of the water content. 

UUrafiltralion studies on human plasma. It may be seen from the results in 
table 3 and the graph in figure 1 that there is a rapid increase in the ultrafiltrable 
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salicylate compared Mith that in the whole plasma as the concentration of 
salicylate in plasma increases. At plasma levels of 200 mg. per liter less than 50 
mg. per liter is in the ultrafiltrate, but at a plasma level of 500 mg. per liter almost 
one-half as much is found in the ultrafiltrate. ■V^^len the amount of salic3date 
per gram of non-diffusible solids (presumable plasma proteins) is calculated it 
may be seen from figure 2 that the amount of salicylate per gram of plasma pro- 
teins rises -nith the concentration of salicylate in the plasma. There is a slight 
tendency for the curve to level off, but there is no evidence that, even at levels of 
500 mg. per liter, the amount of bound salicylate has reached a maximum. 

TABLE 3 


Amount of salicylate hound to human hlood plasma proteins 


MG, SAUCYLATE PER ItTER 

UC. SALICYLATE PER CSI. KOK-DITIUS, SOLIDS 

Plasma ^ 

UItra6lt. 

Residue 

Plasma 

1 Reaidue 

166 

32 

320 


wBmm 

185 

32 

324 



160 

32 

248 

1.46 


105 

25 

210 

0.95 


06 

26 

220 

1.01 

1.30 

150 

30 

250 

1.39 

1.57 

175 

45 

340 

1.50 

1.64 

252 

. 84 

400 

2.02 

2.00 

380 

110 

654 

3.02 

2. 98 

312 

94 

510 

2.84 

2.86 

418 

148 

650 

3.15 

3.11 

434 

156 

686 

3.65 

3.57 

436 

166 

654 

3.80 

3.42 

526 

165 

906 

4.22 

4.14 

502 

242 

680 

3.54 

3.21 

480* 

216 

654 

3.58 

3.52 

612t 

214 

I 780 

3.75 

3.68 


* In vitro experiment in which salicylic acid and ammonium chloride were added to a 
sample of salicylate-free plasma. The final pH was 7.41. 

t In vitro experiment as above but sodium salicylate was added and the final pH was 8.12. 


The point arose as to whether the combination of salicjdate tvith plasma pro- 
teins was the result of somd metabolic effect. Also no attempts were made to 
prepare the ultrafiltrates on freshl}' drawn plasma. Accordingb’ salicj'lic acid 
and ammonium chloride were added to a sample of salicjdate free plasma and the 
final pH as determined on the glass electrode was 7.41. To another, sodium 
salicylate was added and the final pH was 8.12. Ultrafiltrates were prepared 
from these samples and the results are gix'en as the black circles in figures 1 and 2. 
It may be seen that, -within the limits of the experimental errors, the ratio of 
plasma salicjdate to ultrafiltrate salicjdate and the amount of salicjdate bound per 
gram of non-diffusible solids is the same as in the plasma of patients rccoixdng 
salicjdate. This suggests that whatever the forces are, binding the salicjdate to 













Mgms, Salicylate per Liter Plosmo 

F:o. 2. RriiATioNBnir betweev Saeictumb Covcbvtration’s Plasma and Astoasr 
or DAEicnrEATE Bound to Plasma Photeinb 

Black circles represent in vitro evperiments 
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the plasma proteins, the formation of complexes does not depend upon bodily 
processes and is not verj’ sensitive to variations in pH in the range studied. 

Concentrations in human erythrocytes. As may be seen from table 4, the 
amounts in the red cells were quite low, and are of the same order of magnitude as 
might be expected if the cell membrane were freely permeable to the salicylate 
contained in the plasma ultrafiltrate. This, of course, is not sufficient evidence 
that such a condition exists. 

Absorption and excretion. Single doses. Sodium sah’cylate or aspirin in 2 
gram doses was given to aviation students on an average of two hours after 
breakfast. The results of these experiments with sodium salicylate are sum- 
marized in figure 3. As is already generally known, the absorption of sodium 
salicylate is rapid; appreciable concentrations being found in the plasma in 
thirty minutes. Peak levels are reached in approximately two hours, and there- 
after the levels fall slowly over the rest of the eight hour period studied. The 

TABLE 4 


Concentrations of salicylate in human erythrocytes 


PLASUA 

JXC. SAilCVLATE PER LITER CELLS 

CELLS* 

125 

20 

18 

127 

12 

17 

166 

3 

28 

157 

23 

26 

191 

25 

34 

148 

12 

23 

180 

22 

31 

162 

10 

27 


„ . „ whole blood cone. — (plasma vol. X plasma cone.) 

Concentration in cells ^ 

cell volume 

* Calculated on the assumption that the salicylate in erythrocytes is merely that dis- 
solved in the cell water and is in equilibrium with the salicylate in the plasma ultrafiltrate. 

variation in plasma concentrations was considerable. No account was taken of 
variations in body weight. The rapid absorption after oral administration is an 
effective argument against the intravenous administration of the drug e.xcept in 
patients who are unable to retain it after oral administration. The comparatively 
slow decline in plasma level suggests that the administration of the drug every 
six hours will be often enough to maintain reasonably constant plasma levels. 

In contrast to the results ivith sodium salicylate, the data on aspirin (fig. 4) 
indicate that when salicylate is given in this form it is more slowly absorbed. 
The slower rise of the plasma salicylate cuiv^e after aspirin than after sodium 
salicylate suggests that the acetyl-sah’cylate may be hydrolj'zed first before 
absorption, and that, after approximately four hours, excretion becomes as rapid 
as absorption so that during the remaining four hours the plasma levels do not 
fall appreciably. The maximum plasma levels obtained with aspirin are appreci- 
ably less than those obtained nith the same doses of sodium salicylate, but it is 
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to be remembered that there are two factors that would tend to make this so. 
First, the amount of salicylate in 2 grams of aspirin is appreciably less than the 
amount in 2 grams of sodium salicylate, and secondly, the slower absorption of 



Sodium Salicylate 

3. PtABMA CONCENTBATIONS AFTEB SlNOLE 2 GM. DoSES OF SODIUM SaLICTEATE TO 
Normal Adults 



Aspirin 

Fig. 4. Plasma Concentbations of Fbee Salictlate afteb Single 2 Gm. 
Doses of Aspibin 

aspirin permits the greater excretion of the compound during the time it is being 
absorbed. 

The data on aspirin are particularly interesting because it is often stated that 
aspirin is absorbed to an appreciable extent in unchanged form, whereas the 
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above experiment suggests that in the plasma it is primarily in the form of sali- 
cylate. Further experiments were carried out to elucidate this point. First, it 
was determined that when aspirin was added directly to serum and e.xtracted 
with ethylene dichloride very little color was obtained when iron was added. 
Secondly, it was found that when aspirin was added to serum and the mLxture 
was hj'drolyzed with hj'^drochloric acid, as in the procedure for total salicylate in 
urine, most of the aspirin was converted to free salicylate (recoveiy of 460 mg. 
per liter when 500 mg. per liter was added). With this informaion it was possible 
to utilize the method to gain further information. Salic 3 'lates in the plasma of 
patients receiving aspirin were determined before and after hydrolysis and the 
results in twelve cases gave no evidence that aspirin as such e.xists in the plasma 
(mean of 101.4 mg. per liter before hj'drolysis and 99.1 mg. per liter after hj’- 
drotysis and vith an average difference of 3.8 mg. per liter). 

The above experiments did not eliminate the possibility that the aspirin was 
absorbed as such and then hj’drolyzed in the tissues. Attempts to gain furtlier 

TABLE 5 


Plasma concentrations of salicylates and urinary concentrations of salicyl fractions after the 
oral or intravenous administration of aspirin in dogs 


DOC 

uoDC or 

ADUimSTKATlON 

riASUA SAttCYlATE | 

TOINARY rrACTXOjrS 

PER CEMT or 
READaV 
EYDRO* 
LYZAStC 1 
SAUCYL.4TE 

pH 

Before 

hydrolysis 

After 1 
hydrolysis , 

Free i 
Sali^Ute I 

Salicyluric 

acid 

Total i 
Salicylate 



1 mg. per lUer 1 


mg. per liter 




A 

Oral 

360 

350 

495 

126 

818 

24.1 

6.2 

A 

Intrav. 

452 

445 

630 

525 

2,000 

42.2 

6.1 

B 

Oral 

160 

155 

495 

125 

913 

32.1 

I 6.7 

B 

Intrav. 

315 

320 

304 

62 

620 

41.0 

6.7 

C 

Oral 

255 

260 

558 

138 

696 

1.4 

6.8 

C 

Intrav. 

220 

220 

1,035 

75 

2,050 

45.9 

6.8 


information on this point were made using dogs. Three dogs were each given 
aspirin neutralized with sodium bicarbonate immediately before oral administra- 
tion. One to two hours later blood samples were taken on the animals and 
plasma salicj'latc determinations done before and after hj’drolysis. Salicj’l 
fractions were determined in the urine. Analogous e.xperiments were done on 
the same dogs except that the aspirin and sodium bicarbonate were given intra- 
venoush’. As maj’ be seen from table 5 the data on the plasma levels suggests 
that the aspirin is hj'drolj’zed jn the tissues to saUejdate since neitlier after oral or 
intravenous administration was anj- measurable concentration of bound salicj’- 
late found in the serum. Appro.ximatelj’ the same relative concentrations of the 
salicj-1 fractions are found in the urine after oral as after intravenous administra- 
tion, suggesting that the metabolism of the drug is the same whatever the mode of 
administration. It maj- be noted, however, that after intravenous injection the 
per cent of readilj' hj’drolj'zable salicj’late (presumabh’ glj’curonides and aspirin) 
is in all cases greater, suggesting that some aspirin is e.xcreted unchanged. Tlie 
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above information suggests that the actions of aspirin as an analgesic, and in the 
treatment of rheumatic fever, may be no different than those of other simple 


TABLE 6 

Plasma concentrations of salicylate and urinary excretion of free salicylate, salicylurate and 

total salicyl compounds 


SSITG 

NO. or 

WT. 

^ no. SALICYLATE PEE LITEE PLASUA 


1 

2 

3 

4 

s 

Sodium salicylate 

B 

Htn, 

69.1 

104 

i 

171 

240 

1 

225 

123 

Sodium salicylate plus sodium 
bicarbonate 

B 

69.8 ! 

107 

189 

228 

151 

61 

Sodium salicylate plus ammonium 
chloride 

B 

77.8 

113 

185 

244 

268 

191 

Ammonium salicylate 



107 

189 

247 

248 

167 

Acetylsalicylic acid 

1 “ 

74.4 

107 

178 

248 

238 

137 


mST SAUPLE 


ce. 

pH 

su 

SA 

ST 

cc. 

pH 

, SU 

SA 

ST 

740 

6.9 

1 

0.49 

im, 

0.33 

1 

I 1.11 

690 

6.7 



Km 

1.36 

790 

7.1 

0.51 

0.49 

1.21 

567 

7.0 

0.57 

■am 

1.56 

1,063 

6.3 

0.47 

0.23 


892 

6.0 


1.15 

1.18 

670 

5.8 

0.68 

0.12 

1.00 1 

620 

5.7 

0.89 

0.16 

1.48 

456 

6.1 

0.44 

0.12 

0.72 

670 

5.4 

1 

0.79 

0.08 

1.24 


SECONP SAUPLE 


Ttll&P SAUPLC 



pH 

SU 

SA 

ST 

CC. 

pH 

SU 

SA 

ST 



gm. 

gm 

gm. 



gm. 

gm. 

gm. 


6.9 

0.72 

0.58 

1.86 

464 

6.1 

0.54 

0.21 

1.09 


7.3 

0.50 

1.12 

2.13 

295 

6.6 

0.39 

0.16 

0.87 


5.7 

0.58 

0.10 

1.16 

488 

5.5 

0.60 

0.03 

1.17 


5.6 

0.81 

0.22 

1.58 

307 

5.3 

0.78 

0.02 

1.20 


5.8 

0.6S 

0.22 

1.33 

525 

5.3 

0.74 

0.05 

1.19 


rOUlTH SAITPLE 


TOTAE AtE SAUPLES 


CC. 

SU 

SA 

ST 


gm 

gm. 

im. 

2,677 

2.33 

1.46 

5.33 

2,344 

1.89 

2.28 

5.58 

3,457 

2.2S 

0.51 

4.42 

2,188 

3.18 

0.50 

5.26 

e,224 

2.54 

0.4" 

4.46 


salicylates, sucli ns sodium salicylate. It docs not preclude the fact that aspirin 
may be absorbed as such and tlicn hydrolyzed in the tissues. 
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In retrospect it is interesting to find that the probable source of the idea that 
aspirin is absorbed and excreted unchanged arises from some early experiments 
of Hanzlik and Presho (4). Subjects were given aspirin and the amount of the 
salicylates in the urine as determined b3’' the iron reaction was measured before 
and after hydrolysis. The amount after hydrolj'sis was appreciablj' greater than 
the amount before hydrotysis. It is now eAudent from the work of Kapp and 
Coburn (6) that what they were actuall3^ determining was the gl3'curonate 
fractions. 

Multiple doses. In order to determine the effects of the simultaneous admin- 
istration of alkaline and acid salts on the metabolism of salic3dates, conr’alescent 



Fig. 5. Plasma Coxcentrations of Salicvlate after the Admixistration of 5 Doses 
OF Various Salicylates at 6-nooR Intervals (Inoic.ated by Arrows) 

patients Arithout fer’eri were each given one of various salic 3 ’lates in fir’e doses of 
2 grams each, six hours apart. Tlie plasma levels and urinai^’- concentrations of 
Ealic 3 ’l fractions were determined during the administration of the drug and for 
the following twentA’-four hours. The results are summarized in table 6 and in 
figure 5. From the figure slioAA'ing the plasma levels it tna 3 ’’ be seen that there 
AA’as no appreciable difference in the lev'cls obtained during the first tweh’-e hours 
but twent 3 --four hours after administration ceased, the plasma levels of tlie 
patients receiAung sodium salicA-late plus sodium bicarbonate were less than h.alf 

‘ These Kcre coRA'aleseent patients in the medic.il service of Lt. Col. 31, O. Starr of the 
San -Antonio AA-iation Cadet Center to whom the salicylates were administered under the 
superA'ision of Major Stoll. 
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of those in patients receiving either sodium salicylate alone, aspirin, ammonium 
salicylate, or sodium salicylate plus ammonium chloride. From an inspection of 
the results on the amount of the salicyl fractions excreted several differences may 
be observed. First, the amount of free salicylate excreted when sodium bicar- 
bonate is given along with sodium salicylate is appreciably greater than when the 
salicylate is given in any other form. The next greatest amount is after sodium 
salicylate alone. Secondly, the amoimt of salicyluric acid excreted is greatest 
after the administration of ammonium salicylate and is least when sodium 
salicylate is given uith sodium bicarbonate. Some of the reasons for these 
differences will be discussed later in the study on rheumatic fever patients. 

If it is assumed that the salicyl glycuronate fraction is equal to the total sali- 
cylate minus the sum of free salicylate and salicyluric acid then it may be seen 
that the average total salicyl glycuronates excreted after the various salicylates 
are remarkably similar, varying only from 1.41 grams after sodium salicylate 


TABLE 7 


Plasma concenlralions of salicylate and urinary excretion of free salicylate, salicylurate and 
total salicyl in yatients being treated for rheumatic fever 



DOSES, GU. 
PER 6 BRS. 

UG. 

FES X.. PLASVIA 


FIRST BRINE SAitPl-E 



1 

2 

3 

cc. 

pH 

I su 

SA 

ST 

k(m. 

90.9 

3.0 

330 

250 

375 

1 

! 605 

7.0 

tmm 

gm. 

1 0.56 

gm. 

1.42 

77.2 

3.0 

440 

290 

440 

425 

6.9 


0.96 

1.42 

72.8 

2.5 

440 

290 

470 

490 

6.0 

0.75 

1.20 

1.47 

79.1 

2.5 

510 

400 

535 

210 

6.9 

0.20 

0.64 

1.11 

78.2 

2.5 

410 

295 

380 

385 

6.8 

0.29 

0.55 

1.06 

71.8 

2.0 

445 

300 

450 

625 

6.8 

0.30 

0.94 

1.43 

68.2 

3.0 

530 

265 ' 

225 * 

835 

6.4 

0.91 

1.22 

3.35 

70.3 

2.5 

465 

210 

235 

1.160 

6.5 

0.83 

1.45 

2.79 

69.1 

2.5 

360 

135 

120 

920 

6.5 

0.96 

0.61 

2.16 

66.8 

2.5 

515 

245 

225 

925 

6.2 

1.06 

0.79 

2.99 


SECOND BRINE SAMPLE 

TniRD BRINE SAMPLE 

rOBXTB URINE SAMPLE 

CC. 

pH 

SU 

SA 

ST 

CC. 

pH 

SU 

SA 

ST 

CC. 

pH 

SU 

SA 

ST 



cm. 

cm. 

cm. 



gm 

gm. 

cm. 



cm. 

gm. 

gm. 

175 

5.8 

0.33 

0.05 

Is^li 

395 

6.2 


rm 

1.64 

375 

8.0 

0.43 

1.65 

2.32 

■ ^ 

5.8 

0.28 


0.61 

360 

6.2 

Qg 

0.45 

1.58 

1,025 

7.S 

0.88 

4.58 

5.60 

m 

5.8 

0.63 


1.29 

215 

6.4 

Qg 

0.35 

■RiTl 

475 

8.2 

0.36 

2.65 

3.15 

■ ^1 

7.1 

0.17 

0.55 

0.88 

255 

6.2 

QR 

0.48 

1.10 

395 

6.9 

0.23 

1.77 

2.71 

1 

6.0 

0.19 

■IHJIB 

0.59 

695 

6.2 

InH! 

0.46 

1.97 


7.5 

0.15 

Ik!] 

1.32 

mm 

6.0 


iUja 


115 

5.8 

0.25 




7.8 

1.03 

5.10 

7.12 

230 

6 4 

0.23 

IBM 


340 

5.8 

0.5S 

H 


375 

0.9 

0.53 

1.59 

2.78 

310 

5.8 

0.35 

0.19 

0.91 

380 

5.8 

O.&l 

1 0.27 


475 

7.2 

0.30 

1.46 

1.86 

270 

5.8 

0.77 


1.45 

265 

5.8 

0.77 


1.56 

865 

7.2 

0.82 

1.70 

3.05 




t 


595 

6.9 

liyg 


2.42 


0.7 

0.72 

1.35 

2.49 
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TABLE 7 — Concluded 


riFTH t7*r^*E SAMPLE 

SIXTH URXKE SAMPLE 

SEVENTH HEINE SAMPLE 

cc. 

pH 

su 

SA 

ST 

CC. 

pH 

SU 

1 SA 

ST 

CC. 

pH 

SU 

SA 

1 ST 



em. 

gm. 

gm. 



gm. 


gm. 



gm. 

gm. 

j gm. 

600 

7.6 

Bffii 

2.42 

3.74 

325 

6.4 

0.57 

0.29 

1.21 

425 

5.3 




310 

7.1 

HI 

1.32 

1.92 

iitiiil 

5.9 


BilRi 

1.27 


6.6 

Bsa 

lillfi 


900 

7.6 

Wi 1 

4.19 

5.79 

375 

6.0 

0.66 

0.37 

1.52 


6.2 

0.49 

KiiS 


360 

7.5 

Hfi; 

2.84 

4.26 

325 

6.5 

0.49 

1.28 

2.42 


6.8 

0.28 


0.80 

500 

7.2 

liK 

0.94 

1.34 


6.2 

0.41 

0.23 

EES 


5.6 

0.39 

liK$ 

0.72 

175 

7.0 

0.25 


1.19 


6.3 


0.43 

m 

200 

5.6 

0.21 

||B 

0.61 

690 

7.4 


2.87 

5.45 


7.3 

Mi 

0.69 

1.22 

230 

6.8 

0.63 


1.98 

470 

7.0 


iilWl 

1.18 

396 

6.8 


0.65 

1.37 


7.2 

0.74 

3.12 

4.41 

760 

7.2 


1.86 

3.57 

leiil 

6.5 

l!ji^ 

0.22 

1.04 

445 

7.1 

1.02 

1.12 

2.07 




1.61 

2.32 

415 

7.2 

0.55 

1.22 

1.95 

520 

6.8 

1.04 

1.23 

2.85 

EICGfTH UKIKE SAMPLE 

NINTH HKINE SAMPLE 

TOTAL 

CM. SAUCYLATE ' 
SECOVE&ED 

PEE 

CENT 

EECOV- 

CC. 

pH 

su 

SA 

ST 

m 


El 

SA 

ST 


SU 

SA 


EEED 



gm. 





gm 

gm. 

gm. 



gm. 



GOO 

5.9 

0.51 



525 

5.6 

0.77 

0.28 

1.69 



7.91 

15.10 

65 

800 

8.1 

0.27 

■MSI 


250 

8.7 

liHt! 

0.29 

0.54 

23.3 

5.60 

8.44 

17.93 

77 

700 

8.3 

0.57 

iiiiii 

IKS 

Kilil 

6.2 

0.78 

0.19 

1.68 

19.4 

3.68 

8.78 

14.85 

76 

400 


0.34 

lilts 

0.98 

255 

6.4 

0.27 

0.13 


19.4 

3.98 

8.45 

15.04 

78 

675 


0.29 

liKfl 

0.73 

475 

6.4 


0.47 

1.19 

19.4 

5.41 

5.85 



820 

8.3 

0.43 

0.56 

1.27 

435 

5.6 

BE 

0.27 


15.5 

3.25 

3.92 



670 

7.8 

0.83 


4.06 

505 

7.6 

fm 

1.52 

2.35 

23.3 

5.36 


s 


895 

8.1 

0.60 


2.50 

530 

6.2 



1.48 

19.4 

7.09 




770 

7.9 

0.95 


3.66 

750 

7.9 

IMSI 

1.41 

3.91 

19.4 

4.62 

11.02 

17.80 

92 

775 

7.8 

1.43 

2.36 

3.66 

590 

7.8 

0.73j 

1.39 

2.16 

19.4 

7.52 

9.89 

22.47 

116 


plus sodium bicarbonate to 1.63 grams after sodium salicylate plus ammonium 
chloride. The total amount of salicylate excreted under these conditions is 
greatest after sodium salicylate plus sodium bicarbonate (5.58 gms.), but this 
amount is not appreciably greater than the amounts after sodium salicylate alone 
(5.33 gms.) or after ammonium salicylate (5.26 gms.). 

After the administration of 10 grams of various forms of salicylates, the aver- 
age amount recovered up to twenty-four hours after administration of the last 
dose, is approximately 5 grams of salicjd fractions, out of a total of 7.6 to 8.6 
of salicyl administered. Recoveries would undoubtedly have been better if 
collection of urine had continued for a longer period of time, since in all cases, 
appreciable concentrations of salic 3 date were still in the plasma. From the 
data presented after the administration of single 2 gram doses of sodium salicyl- 
ate or aspirin, it seems reasonable to suppose that the remaining plasma levels 
are of the order of those given by the administration of 2 grams of salicj'latc. 
With these assumptions, it seems likelj’- that approximately 80 per cent of the 
s.alic.vlates can be recovered in the urine in the form of salicyl compounds. 
















































Fig. 6. Plasma Concentrations or Salictlate in Rheumatic Fever Patients 
Receiving Sodium Salicylate at 6-houb Intervals 


Patients represented by solid lines received sodium bicarbonate for first 12 hours and 
patients represented by dashed lines received sodium bicarbonate for first 30 hours. 



Period of Urine Collection 


Fio. 7. The Amount of Free Salicylate Excreted in Patients Receiving the Same 
Dose of Sodium Salicylate Every C Hours but Who Received in Addition 
SoDiUJi Bicarbonate during the 4tii and Stii Period and Ammonium 
Chloride during the Gth and 7tu Periods 
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Rheumatic fever patients. In order to investigate further the effects of the ad- 
miifetration of acids and alkalis on the metabohsm of sahcylates, experiments 
were carried out on rheumatic fever patients at Truax Field.® None had fever 
during the time these experiments were being done. The patients were given 
sodium salicylate in the same dose that they had been receiving for some time, 
and mine was collected over six hour periods, the end of each collection period 



Period of Urine Collection 

Fig. 8. The Amount of Free Salictlate Excreted in Patients Receiving the S.ame 
Dose of Sodium Salictlate Every 6 Hours but Who Received in Addition 
Sodium Bicarbonate during the 4th, 5th, 6th, 7th, and 8th Periods 

coinciding with the administration of the drug. Urine collections were made for 
three six hour intervals while the patients received sodium salicylate alone. At 
the end of this time, blood samples were taken on all patients and the administra- 
tion of sodium bicarbonate, 3 grams every' three hours, was begun in addition to 
the sodium salicylate. To six patients the administration of bicarbonate was 
continued for twelve hours after which the administration of ammonium chloride, 
3 grams every three hours, was begun. To tlie remaining four sodium bicar- 
bonate was given every three hours for thirty' hours after which it was discon- 
tinued, and sodium salicy'late alone was given. The results are summarized 

® These were in the medical service of Major H. A. Warren. The laboratory facilities 
utilized were under the supervision of Major F. S. Coombs. 
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table 7. The individual results of the plasma are illustrated in figure 6. 
those who received sodium bicarbonate for twelve hours only, there was an 
appreciable fall in the plasma salicylate level and after the sodium bicarbonate 
was discontinued and the ammonium chloride begun, there was a rise in the 



pH of Urine 

Fia 9 RELATiovsmp between’ Uiunabt pH and Ren ae Cle abavces or Free Salicylate 

plasma lc\el, and the final levels twenty-four hours after sodium bicarbonate 
administration ceased, v,cTe as high as at the bepnning of the e’cperimont. The 
plasma salicylate levels of those who received sodium bicarbonate for thirty 
hours fell continiiallv during the entire time, and thirty hours after administra- 
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tion of sodium bicarbonate began, the salicylate levels in the plasma were less 
than one half the initial values. TOth the discontinuance of the administration 
of sodium bicarbonate the decrease in plasma levels during the next six hours was 
less than it had been during the preinous time. This shows clearly that the 
plasma levels decrease when sodium bicarbonate is given. Inspection of figure 
7 shows why this is true, at least in part. As soon as administration of sodium 
bicarbonate began at the end of period three, there is a large increase in the 
amount of free salicjdate in the urine. The average increase is appro.ximately 
two grams of salicylate in six hours. Quantitatively, this is approximately 
enough to account for the decrease in plasma levels. Similar, but not as striking 
results are observ’ed in the four patients who received sodium bicarbonate for 
a longer period of time (fig. S). The average increase in excretion of free salicj'- 
late is quite appreciable (1.1 gm.) and is approximately of the order necessary 
to account for the decrease in plasma levels of salicylates. The administration 
of sodium bicarbonate was not associated with an increase in the salicyluric acid 
fraction or the salicyl glycuronate fraction. The amount of total salicyl fractions 
recovered during the time of the experiment is shown in table 7. In the patients 
receiving sodium bicarbonate most of the time the apparent recoveij' is sometimes 
more than 100 per cent. 

Attempts were made to analj'ze in terms of knoivn kidney functions the e-xcre- 
tion of free salicylate. As a preliminary step the milligram of free salicylate 
per minute excreted was calculated and plotted against the pH of the urine. 
It was obvious from these data that there was a marked dependence of e.xcretion 
on the pH of the urine with a gradual rise from pH of 6 up to 8. A more precise 
anal 3 'sis, in terms of renal clearances, was introduced by estimating from the 
curve in figure 1 the concentrations of salicylate in the plasma water and calcu- 
lating clearances on this basis. The results are shown in figure 9. Again it may 
be seen there is a marked dependence of excretion rate upon urinary pH. 

SUMSLARY 

1. Colorimetric methods have been developed for the determination in urine 
of free salicylate, salicyluric acid and total salicjdates. 

2. Most of the salicjdate in human plasma is bound to the non-diffusible com- 
ponents, presumablj’^ plasma proteins. 

3. Even at high plasma salicylate concentrations vety little salicjdate is in 
human eiythrocj'tes. 

4. After the oral administration of aspirin to human subjects or oral or in- 
travenous administration to dogs the onlj' detectable form of salicjdate in llic 
plasma is free salicylate. 

5. The administration of sodium bicarbonate along with salicjdates results 
in lower plasma levels than when the salicjdate alone is given. 

6. The administration of sodium bicarbonate to patients receiving sodium 
salicvlate results in an increased excretion of free salicjdate, with the renal clear- 
ances of free salicjdate increasing rapidly above pH 7 in the urine. 
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The suggestion of Dragstedt and others (1) regarding the probable release 
of histamine in certain allergic conditions encountered clinicall}’’ and the conclusion 
that the many manifestations of such allergies were due to the histamine released, 
accelerated the efforts of varied investigators in their search for an adequate 
antagonist of this noxious imidazole. Prominent among the results of these 
efforts in positions of varied therapeutic vantage are histaminase (2), hapamine 
(3) and antergan (4). Several other promising agents are available which are 
capable of nullifying to some extent the actions of histamine under experimental 
conditions. These have been studied by Staub and Bovet (5), Lehman and 
Young (6), Loew and coworkers (7). R. L. Alayer, C. P. Huttrer and C. R. 
Scholz (8) have investigated many pyridyl compounds, the most potent of which 
was N'-pyridyl-N'-benzyl-N-dimethylethjdene diamine HCl, called PjTibenza- 
mine HCl. A number of e.xperimental studies (9) have revealed its antihistaminic 
and anti-anaphjdactic properties and the present paper is concerned with further 
pharmacologic studies of this substance. 

Method. Adult cats were anesthetized with sodium pentobarbital, uretliane or Dial 
with urethane. The last two were generally found to be most desirable, especially as con- 
cerned secretory responses, and were employed throughout most of the e.xporiments. The 
animals were prepared surgically as previously described (10) for studying several ipsilateral 
functions controlled by the same cervical sympathetic nerve, namely, salivation, retraction 
of the nictitating membrane, lachrymation, and mydriasis. Blood pressure was simul- 
taneously recorded with the Anderson (11) gl.ass membrane manometer. Most injections 
of the various drugs %vere made into the ipsilateral carotid artery but occasionally, drugs 
were injected intravenously and these have been so specified in the text. The drugs, 
injected in varying concentrations in terms of micrograms per kilogram of body weight, 
ineluded histamine phosphate, the hydrochlorides of Pyribenzamine, epinephrine, acetyl- 
eholine and pilocarpine, and the sulphate of atropine. Faradization of either the cervical 
sjTnpathetic or the chorda tympani nerves for five or ten seconds was effected by the 
Harvard inductorium. Mydriasis was observed and salivation, which was measured mano- 
mctrically (1 cm. — 0.0345 cc.), was transcribed upon the kymograph with blood pressure 
and the responses of the nictitating membrane. These reactions appear in the accompany- 
ing figures from above downward in the following order: nictitating membrane, salivation 
and blood pressure. Time has been recorded in one minute intervals. 
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Results. From 35 experiments, the folloning obser\-ations have been made: 

(1) Pyribenzamine, 10 to 200 micrograms, had no effect on the normal func- 
tions studied, except for minor fluctuations in blood pressure after the smaller 
doses, or a sustained rise followng the larger doses (fig. 1). 

(2) Histamine, in the optimal dose of 10 micrograms, usually promoted sali- 
vation. Occasionally an animal was encoimtered in which a markedly hypo- 
tensive dose of histamine was absolutely without effect as a sialogogue. This 
occurred most frequently in the most deeply anesthetized animals. Often in 
this situation, however, other drugs and faradization were still effective. 

In general, control responses with histamine were successively quite uniform 
at 15, 20 or 30 minute intervals but at times, a marked diminution or absence of 
salivation resulted unpredictably (fig. 2)-, it seemed of no special significance 
since invariably these lessened responses or failures of response to histamine were 
successively sustained folloning an adequate dose of Pj-ribenzamine (fig. 3). 
Best results with histamine were obtained when each injection was preceded by 
one or two “priming” stimulants in the form of faradization of the chorda tj’m- 
pani nerve for 5 or 10 seconds. 

(3) Pyribenzamine, 5 to 20 micrograms, usually nullified the salivarj' stimula- 
tion induced by equivalent or smaller amounts of histamine and this suppression 
of salivation usually prevailed for about 30 to 120 minutes or more, approximately 
in proportion to the dose (figs. 3 and 4). 

(4) Atropine, 200 micrograms subcutaneously, also prevented the stimulation 
of salivation by histamine, confirming previous findings of Gibbs and McClana- 
han (11). Xo tolerable amount of histamine could break through this atropine 
block. 

(5) Faradization of the chorda tympani nerve and injections of pilocarpine 
during the buppros-sion of histamine-induced salivation by Pyribenzamine still 
resulted in salivation (fig 5). 

(0) In several experiments Pyribenzamine sensitized the secretorr' response 
to pilocarpine, 1 to 2 micrograms, to epinephrine, 15 micrograms, and to fara- 
rlization of the cervical sympathetic and chorda tympani nen-es. This feature 
prevailed during Pyribenzamine’s suppression of histamine-induced salivation 
(fig. 5). 

(7) Histamine, 10 to 50 micrograms or more, frequently, but by no means 
consistently, retracted the nictitating membrane and this effect was usually 
nullified or dampened by Pyribenzamine in equal or greater amounts (fig. 01. 

(S) In two of our experiments, Pyribenzamine, in a 10 microgram dose, seemed 
to ‘•cnbitize the retractile rc^ponbc of the nictitating membrane to epinephrine 
(fig 7t In tins experiment, salivation was simultaneously enhanced. 

(0) 1 inform mydna'is induced by histamine and observed in approximatelv 
o0''( of our experiment'., prevailed unchanged after Pyribenzamine, 10-50 micro- 
grani' 

(10) Pynbenzanune, 10 to 50 microgram'-, definitely '■upprcs'cd the lachry- 
mation induced liy liivtamine Ihi' buppre^sion s?enie(l to endure as long as 
iu'tamiiie-mducofl - ihvation wa" inhibited. 
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(11) As a rule, Pyribenzamine, 10 to 50 micrograms, had no consistent pro- 
tective effect against the transient hypotension which invariably followed either 
the intracarotid or intravenous administration of 10 micrograms of histamine. 
Figure 4, however, shows such protection to a marked degree; furthermore, 200 
micrograms of Pyribenzamine significantly elevated blood pressure but offered 
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44 H 'HISTAMINE, 0 OlO MGM 

CAT PeZ -PYRIBENZAMINE. 0200 

urethane E - EPINEPhRi NE, 0 010 MGM FEMORAL VEIN 

T4T^» 20 MINUTE interval WITH CTF»H 

Fig. 1. ll/2^}/44. Cat, 3.2 kg., urethane anesthesia. From above downward: salivation 
in ^ientimeters, arterial pressure, time in. minutes. Salivation induced by histamine, 10 
micrograms, was nullified by Pyribenzamine, 0.200 mgm. and simultaneousb*^ salivation as 
induced by epinephrine, 0.010 mgm., was enhanced by Pyribenzamine as was the attending 
hypertensive action of epinephrine. At T, a time interval of 20 minutes had elapsed during 
which chorda tympanic faradization and histamine, 10 micrograms, were exercised. 



Responses to Histamine Phosphate. O.OlOmgm. per Kg. 

Fig. 2. Hist.vmixe Sauv.ition in Cat 

12/5/44. Cat, 2.82 kg., urethane anesthesia. The e£fects of intracarotid administration 
of histamine phosphate, 10 micrograms per kilogram, on salivation. Note tlie extremes, 
ranging from zero to 2.0 centimeters. One centimeter represented 0.0345 milliliter of 
saliva. 


onlj’ slight protection against the acute histamine-hypotension (fig. 1). Thus, 
tlie vascular effects of Pyribenzamine were variable and independent of dosage. 

Discussion. Since only the salivarj' action and not the effect of nervous 
stimulation or vagomimetic dnigs is antagonized by Pyribenzamine, thi.s drug 
cannot be designated as atropinmimetic. 
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This antagonism between histamine and Pj-ribenzamine probably represents 
a simple competition-phenomenon of the type recentl 3 ’ proposed by Wells, et al., 
(12) which is similar to that accepted for atropine-acetylcholine antagonism. 



Responses to Histamine Phosphate, O.OlOmgfn. per Kg. 

Fic. 3. Effect of PBZ on Hist.iminb S.kuv.^tion in Cat 
12/27/44. Cat, 3.4 kp., urethane anesthesia. The effects of intracarotid administration 
of 20 micrograms per kilogram of Pyribenzamine on histamine-induced salivation. Xote 
the sustained suppression of salivation by Pyribenzamine; recovery had not occurred with 
even the thirteenth injection of histamine following Pyribenzamine. 
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Fir..4. 12/5/44. Cat,2.82kg .urcthaneancsthesia. From above downward:sa!ivation 
in centimeters, arterial pressure, time in minutes Salivation induced by histamine, 10 
micrograms was inhibited by Pyribenzamine, 15 micrograms, and marked but temporary 
protection was afforded against histamine-provoked hj^potension. .4ftcr Pyribenzamine, 
salivation induced by epinephrine and by far-adization of the chorda tjTnpani and cervical 
sympathetic nerves «as enhanced. .\t T, a time interval of S minutes had elapsed. 


It IS ilifl’cult to account for some of the failures of salivarj" response to succes- 
sive control doses of histamine. In some of thc.=c experiments successive control 
rc.-pon.'cs iscrc graduallj’ or acutely diminished, or occasionally were entirely 
aliment Hcncc. control injections (fijr. 2) were made until it .scorned ttssured 
that once hi'tanhnc had promoted salivation, it could he dcpcndctl upon to do 
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SO quite consistently in 5 out of 6 or in all six successive injections; this was 
obwouslj' mandatoo’ if proper interpretation were to be made of consistent, 
successive failures of histamine to induce salivation following Pyribenzamine. 

Not infrequently' sali-s'arj' responses were veij' slight, on the order of 0.05 
to 0.1 cm. These values, which i-epiesented 0.0017 and 0.0035 cc. respectively, 
may have reflected true secretory efforts on the part of the gland but in the light 
of the contribution of Babkin and McKay (13), these minor increments of mano- 
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Fig 5 0/30/44 Cnt, 2 35 kg , sodium pentobarbital anesthesia. From above doNMi- 
nard salivation in centimeters, arterial pressure, time in minutes Faradiration of the 
chorda tympani and cervical sympathetic nerves was not only effective during the paralytic 
action of Pyribenzamine, 0 010 mgm , on salivation induced b}' histamine 0 010 mgm , but 
sali\ary responses to such faradization were enhanced Responses to epinephrine, 0 010 
mgm , and pilocarpine, 0 005 mgm , were likewise markedly enhanced in the presence of 
antihistammic doses of Pyribenzamine A.t 7^, time intervals of appro\imaleIy 15 to 20 
minutes had elapsed during which faradization of the abo\e nerves and histamine were 
repeatedlj’ exercised 


metric lex els might hax*e been merely "expression s3creaonb” leaiilting from con- 
traction of muscular components in tlic gland and ducts under stimulation of 
x'anous types Xcx'erthcless, they haxe been included here as salivary responses 
The anti'^alivary effect of Pyribenzamine was immediate, as a iiile, and usually 
endured longer than suppression of the Jiistamine-induced letraction of the nic- 
titating membrane, indicating x-ariability in the end-organ’s ie>ponMX'enc''S to 
tills antiliistaminic agent 

In the presence of salixxary suppies^ion induced by Pynbenzamino, the gland 
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Still responded to pilocarpine and epinephrine as it did to faradization of the cer- 
vical sj'mpathetic and chorda tympani nerves. These responses would indicate 
that Pyribenzamine is specifically antihistaminic in its pharmacodynamic action 
and apparently did not directly depress salivary gland tissue or act anti-para- 
sympathomimetically like atropine. 

Accompanjnng this salivary suppressive action of Pyribenzamine another 
pharmacodjmamic potentiality of this compound manifested itself in several of 
our experiments, namely, an apparent sensitizing of the salivary' response to 
pilocarpine, acetylcholine, epinephrine and to sympathetic and parasympathetic 
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lie. G 9/25/44 Cat, 2 1 kg . Miilmm pcnloh.'irbit.il ancsthraia From above down- 

a.am nictUaliUK momiirane, ^abvatlOIl. arterial pres'iiirc, time in minutes Pyribenza- 
' mbibiied retraction of the nietitatinu membrane produced bv histamine 
OtWIniKm / , intersals of approMmatclr 20minutes ' ' 


fjiratlization In two of our experiment'- we also observed .‘•ignificant jrotentia- 
tion of tire retractile re^ponn* of the metitating membrane to epinephrine, but 
no 'uch chtingoc were ob'-ervctl in re'-pecl to the iiiipil and lachiymation. Thi.s 
potentiation suggests that if the same eointitions were to pre.sent itself in the 
human subject, caution should be exerci'-ed in the allergic patient, particularlv 
should he he inclined toward the alreaiiy predominantly adrenergic type in any 
one of the symjiathetically corrtrolleil fnnetrons. This might be particularly 
title of the patient suffering from neurogenic hyjiorten'ion. On the other hand, 
should such sensitization prev.ail clinically in the non-hypertensive, allergic pa- 
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tient, an obnoiis advantage might be obtained from the sparing or potentiation 
of nonnally produced epineplirine or sympathin, whose fortified sjanpathetic 
actions might thus duplicate artifically administered epinephrine in the bronchial 
asthmatic or urticarial subject. 

Just how some adrenergic end-organs are primed by Pyribenzamine in their 
exaggerated responses to their normal sj’mpathetic stimulants is unkno«Ti but it 
seems plausible that Pyribenzamine may well duplicate some of the functions of 
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IZ-B-44 CTF' chorda TYMRAHIC FARADIZATION, ID SEC. 

CAT E 'EPINEPHRINE, 0.010 MOM. FEMORAL VEIN 

URETHANE PBZ 'PYRIBENZAMINE, 0.010 HBM. 

T 'G MINUTE INTERVAL 


Fio. 7 12/S/-I4 C.Tt, 2 67 kg , urctlmne anesthesia From above downward; nictitat- 
ing membrane, salivation, arterial pressure, time in minutes Salivation after epinephrine. 
0.010 mgni , was slightly increased after Pyribenramine 0 010 mgm . and retraction of the 
nictitating membrane was markedly enhaneed. 


ergotoxine oi yohimbine in that, a-- ha'- been sugge.sted, they may dampen cer- 
tain enzymic sy.^teni'- a-sociatcil with amine oxidase, phcnolase, tyrosinase or 
other substances which normally may contribute to the flcstruction or degrada- 
tion of epinephrine and sympathin or similar agents. Thus, Pyribenzamine nia.v 
act in respect to sympathetic stimulation in a manner -imilar to the action of 
phy.so.stigmine in its relation to paiasympatlietic stimulation. Tlii' seems prob- 
able liccause of the concomitant parasympathetic sensitization obseiwed in some 
of our exiieriment.s. ,‘siich incieasptl cliolinei-gie .salivation has been observed 
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before (14) in our experiments dealing wth the sympathoh'tic properties of 
ergot amine tartrate. 

Although the salivary gland, nictitating membrane and lachiyunal gland are 
not necessarily concerned in the problem of allergy, they lend themselves readily 
to an experimental study of histamine antagonism, as demonstrated in these 
experiments. If histamine is released in the allergic state as some contend (15) 
r\hen antigen meets the histamine-antibody complex, the potential antihis- 
taminic effect of Pyril>enzamine is apparent. 

Future reports wll deal \rith the actions of Pyrihenzamine on bronchial mus- 
culature, histamine heals and anaphylactic hypotension. 

COXCLUSIOXS .VXT) SL'MM\Rr 

1. The antagonistic properties of Pyrihenzamine HCI, X'-pyridyl-X'-benzyl- 
X-dimethylethylene diamme HCI, against histamine phosphate have been 
described and discussed in relation to salivation, retraction of the nictitating mem- 
brane, lachrj’mation, mydriasis and blood pressure. Pyrihenzamine, in the dos- 
ages employed, inhibited or obliterated the actions of histamine in all functions 
studied uith the exception of mj'driasis. The protection against histamine 
hypotension, however, was rather variable. 

2. This antagonistic action of Pyrihenzamine seems to have been specifically 
antihistaminic and not parasympatholytic or sympatholytic. 

3. In fact, Pyrihenzamine has the capacity m many instances to potentiate 
the responses of cholinergically and adreneigically controlled end-organs to their 
respective neural and humoial activatoi-s. 

4. The import of Pynbenzamine’s antihistaminic and simultaneous potentiat- 
ing properties has been discussed in relation to clinical trial in allergic states. 
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tient, an ob\’ioiis advantage might be obtained from the sparing or potentiation 
of normall.v produced epinephrine or sympathin, wliose fortified sympathetic 
actions might tiuis duplicate artifieally administered epinephrine in the bronchial 
asthmatic or urticarial subject. 

Just how some adrenergic end-organs are primed by Pyribenzamine in their 
exaggerated responses to their normal sympathetic stimulants is unkno^m but it 
seems plausible that Pyribenzamine may well duplicate some of the functions of 
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CTF-CHORDA TYHFANIC FARADIZATION. 10 SEC. 
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Fio. 7. 12/S/-tt. Cat , 2.07 kg., uretli.inc nncstlicsin. From above dowmvard: nictitat- 
ing membrane, salivation, arterial pressure, time in minutes. Salivation after epincplirine, 
0.010 mgm., was slightly increased after Pyribenzamine 0.010 mgm., and retraction of the 
nictitating membrane was markedly enhanced. 


ergotoxine or yohimbine in that, as has been sugge.sted, they may dampen cer- 
tain enzymic systems as.-;ociated with amine oxidase, phenolase, tyrosinase or 
other substances which normally may contribute to the destruction or degrada- 
tion of epinephrine and sympathin or similar agents. Thus, Pyribenzamine may 
act in respect to symiiathetic stimulation in a manner similar to the action of 
phy.sostigmine in its relation to parasympathetic stimulation. This seems prob- 
.ablc because of the concomitant parasympathetic sensitization observed in some 
of our experiments, t^uch incre.a.sed cholinergic salivation has been observed 




BARBITURATE ANTAGONISM OF ISONIPECAJNE CONVULSIONS 

AND ISONIPECAINE POTENTIATION OP BARBITURATE 
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The increasing therapeutic use of isonipecaine (demerol or l-methyM-phenyl 
isonipecotic acid ethyl ester hydrochloride) as an analgetic and spasmolytic 
agent suggests the need for a more thorough consideration of the toxicity of the 
compound. It tvas decided, therefore, to initiate a search for suitable agents 
which could antagonize isonipecaine overdosage. 

Isonipecaine was recently reported to possess local anesthetic properties (1, 
2). Its toxic actions as produced experimentally are also quite similar to those 
obtained with cocaine and procaine, being mainly those of central stimulation. 
Inasmuch as the barbiturates have been successfully used to antagonize the 
convulsive actions of certain local anesthetics (3, 4, 5), studies seemed indicated 
to ascertain whether or not they could act likewise in isonipecaine overdosage. 

Method. Studies on toxicity were first made on white mice weighing approximately 20 
grams. The minimal lethal dose (LD80) for isonipecaine subcutaneously and the intra- 
peritoneal median lethal dose (LD50) of barbital, phenobarbital, amytal, pentobarbital, 
evipal and diphenylhydantoin (the sodium salts were used throughout) were respectively 
determined. In administering each compound the concentration of a given dose was ad- 
justed so that each animal received not less than 0.2 cc. and not more than 0.6 cc. of a solu- 
tion of the drug in distilled \\ater. A fraction (^, \ or 5) of the intraporitoneal LD50 

of each barbiturate respectively was then injected in another series of mice and this was 
followed by a subcutaneous injection of the previously determined toxic dose (LD80) of 
isonipecaine. The number of survivals per number of animals was recorded and compared 
to the isonipecaine senes which received no barbiturate. 

In another experiment on ^\hitc mice, after determining the minimal lethal dose (LD80) 
of isonipecaine intrapcritoneally, a second group of animals was given the lethal dose of 
isonipecaine and then treated immediately with cither barbital, phenobarbital, amytal, 
pentobarbital, evipal or diphenylhydantoin. As in the first experiment, the individual 
dose of each barbiturate admimslered was in fractions of its respective LD50. The treated 
series w'as compared with the untreated series as to survivals per number of animals at the 
I»DS0 of isonipecaine. 

Studies were also made on white rabbits weighing 1.7 to 2.3 kilograms. The minimal 
lethal dose (subcutaneous LD80) w'as determined for isonipecaine as were the respective 
LDSOs (intravenous) for phenobarbital, amytal, pentobarbital, evipal and diphenylhydan- 
toin. The concentration of each anticonvulsant was adjusted so that between 5~10 cc. 
were injected in the ear vein at the rate of 5 cc per minute. Another group of rabbits was 
given the lethal subcutaneous dose of isonipecaine and this w'as immediately followed by 
an anticonvulsant intravenously, the dose of each compound being in fractions of its 
respective LD50. The percentage survivals of treated and untreated isonipecaine rabbits 
were recorded and compared. 

The effects of the barbiturates (|-J LD50) against isonipecaine intravenously and Orally 
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LD50) of a barbiturate was given beforeliand, the percentage of animals sur- 
riving from the same dose of isonipecaine was 84%-90% (combined survival 
percentage of all the barbiturates). Vfilh the exception of amytal wliich was 
found to be most effective at ^ LD50, tlie optimum single protective dose for 
a barbiturate was LD50. Diphenjdhydantoin was ineffective in preventing 
lethal isonipecaine commlsions. 

In another series, the barbiturates were also found to increase tlie ihtraperi- 
toneal tolerated dosages of isonipecaine in mice (table 3), but its protective ac- 
tions were not found to be as pronounced as against isonipecaine subcutaneously. 

TABLE 3 


Effect of anticoniulsants on the survival of tvhilc mice given a Uthal dose of isonipecaine 


TYPE OP BA.lfimi'tA'ti: 

n iPBITUPATE 
DOSAGE INTltA. 
rEPtTOVEAliV 

isostpzcaist: dosage istrapeutoveally, UC>( /ecu. 

Fraction 

mgm./ 

100 

125 I 

150 1 

ITS 

200 


of LD50 


DeaUis/no. mice 

Is one (isonipecaine only) . 



2/8 

4/13 

6/11 

10/12 

5/5 

Phenobarbital | 

i 

1 i 

ns 

S9 

29 




3/3 

6/13 

5/9 

■2/3 

4/4 

4/4 

Barbital | 

i 

i 

150 

75 




2/4 

2/4 


Amytal ... ... | 

X 

4 

i 

* 

50 

25 

12.5 




5/6 

4/5 

3/5 


Pentobarbital . . | 

1 

4 

1 

« 

30 

15 




4/9 

4/S 


Evipal . . 1 

X 

4 

, i 

6S 

34 




4/7 

2/6 

2/2 

3/4 

Diphenylhydanlom 

1 

4 

50 




4/4 



Increasing the barbiturate dosage beyond the optimum anticonvulsant range 
(i-j LD50) in mice which have received a letlial dose of isonipecaine docs not 
increase the survival of animals (table 2). In fact, it was found that certain doses 
of barbiturates (I-j LD50) ordinarilj' tolerated when given alone, hastened the 
death of animals which had also received a toxic dose of isonipecaine. No 
comnilsions were noted and the animals died of respiratorj' depression shortly 
after the barbiturate was administered. Death seemed to occur sooner when a 
rapid acting barbiturate was employed. 

The results on rabbits (table 4) substantiate the findings on mice. The in- 
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were also studied on a few rabbits. The method used was essentially similar to that de- 
scribed above. Five per cent isonipecaine was used for intravenous and oral administra- 
tion, the intravenous injection rate being one cubic centimeter per minute. 

Results. Table 1 lists the median lethal dose (LD60) of the various com- 
pounds studied on mice and rabbits. From fifteen to fifty-eight animals were 
used for each determination. Rather high standard errors were obtained when 

TABLE 1 


Toxicity of the barbiturates* diphenylhydantoin* and isonipecaine 


COMPOUND 

WHITE mCE 

HABBITS 

Route 

LDis with S.£.t 

Route 

LDo with S.£.t 



imm./kgm. 


ngm./kgm. 

Barbital 

IP 

620 ± 30.3 



Phenobarbital 

IP 

235 ± 11.6 

IV 

200 ± 4.3 

Am 3 ’tal 

IP 

200 ± 18.8 

rv 

75 ± 2.9 

Pentobarbital 

IP 

123 ± 17.3 

IV 

40 ± 2.1 

Evipal .■ 

IP 

270 ± 17.0 


72 ± 3.6 

Diphenylhydantoin 

IP 

190 ± 12.9 


59 ± 3.3 


IP , 

145 ± 7.4 . 



Isonipecainet | 

SQ 1 

165 ± 6.9 


200 ± 13.0 


* The sodium salts. 

t S.E. = standard error approximated according to Miller and Tainter (9). 
t Intraperitoneal LDm for Rats, 93 ± 4.1 mgm./kgm. 


TABLE 2 

Protective effects of barbiturates on white mice given a lethal subcutaneous dose of isonipecaine 

1200 mgm./kgm.) 


TRACTION or ANTICONVULSINT LD|B ClNTRAPERirONEALLY) 


ANTICON^TTLSANT 

0 LD50 
(isonipecaine 
only) 

^ LD50 

1 LD50 

} LDso 

} LDSO 

3 LDSO 

Dealhi/nc. mice 

Phenobarbital 

13/15 


1/8 

1/12 

2/5 


Barbital 

13/15 

3/4 

1/4 


1/4 


Araj'tal 

13/15 

0/4 

1/3 


3/4 


Pentobarbital 

13/15 


0/3 


5/5 


Evipal 

13/15 


1/7 


3/5 


Diphenj'lhydantoin 

13/15 

3/4 

4/4 


3/4 



less than twenty animals were used. The median lethal doses of isonipecaine 
obtained on mice, rabbits and rats agree reasonably well with those preriously 
reported (6, 7, 8). 

Table 2 indicates that the barbiturates afford protection to mice given a lethal 
dose of isonipecaine. Only two out of fifteen mice (thirteen per cent) lived after 
a 200 mgm./kgm. dose of isonipecaine, whereas when a protective dose (i-i 
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when given isonipecaine, 150 mgTti./kgm., subcutaneously, all convulsed and died, 
but no deaths occurred when seven rabbits, which had previously received 
phenobarbital (i LD50), were respectively given isonipecaine, 150 mgm./kgm. 
(three animals), 175 mgm./kgm. (three animals) and 200 mgm./kgm. (one 
animal). 

Barbiturate antagonism of oral isonipecaine overdosage was also studied on 
rabbits which were fasted twenty hours. An oral 400 mgm./kgm, dose of isoni- 
pecaine, which killed three out of three rabbits, was lethal only to one of three 
rabbits treated uith phenobarbital (I LD50). Attempts to protect twenty-one 
fasted animals from higher oral doses (600-900 mgm./kgm.) of isonipecaine with 
phenobarbital, amytal or cvipal were not too successful. Although convulsions 
were prevented totally or in part and survival time sometimes prolonged several 
hours, the animals died eventually due to respiratory failure. However, two 
non-fasted rabbits survived an oral isonipecaine dose of 750 mgm./kgm. and had 
no commlsions. 

Attempts were also made to combat intravenous isonipecaine overdosage with 
the barbiturates. In the few cases so tried, it was quite difficult to prevent fa- 
talities because the safety margin of the barbiturates for their anticonvulsant 
effects and their causing respiratory depresaon in isonipecaine animals is quite 
small. fSTien the minimal anticonvulsive dose of erdpal (1 LD50) was used, 
convulsions and sometimes fatalities were prevented, but just as often the animals 
would die of respiratory depression. 

As nith mice, it was found (table 4) that when the dose of the barbiturate in 
rabbits was increased to about ^ to f of its LD50 for antagonizing isonipecaine 
overdosage, the animals died without convulsing in respiratory depression and 
their sur\dval time was less than that of animals which had received a lethal dose 
of isonipecaine only. As to be expected the short acting barbiturates caused 
death the most rapidly. Subsequently it was also found that even when the 
amount of isonipecaine was reduced to about J its subcutaneous LD50 (25 ragm./ 
^gm.), respiratory failme resulted m rabbits which had previously received, an 
ordinarily tolerated barbiturate dosage (f LD60). Also the administration of ^ 
LDoO of isonipecaine and 5 LD50 of a barbiturate caused a greater percentage of 
deaths than could be expected from the additive effects of each compoimd. Sur- 
vmng animals so treated remained depressed for a considerably longer period 
than rabbits which had received the same dose of a barbituiate only. 

Discussion The toxic signs of isonipecaine overdosage as noted in mice, 
rats and rabbits are quite similar, being increased excitability, dyspnea, Cheyne- 
Stokes respiration, clonic convulsions and opisthotonos with possible death due 
to respiratory failure. ’From the lesults it appears that any barbiturate should 
antagonize these convulsive sjTOptoms, and as judged from the minimal anti- 
convulsant dose of each barbiturate, no one barbiturate possesses appreciable 
superiority over the others for suppiessing isonipecaine convulsions. Although 
our results on labbits seem to favor phenobarbital as the most effective agent, 
this seeming superiority of phenobaibital is actually due in part to experimentallj' 
imposed conditions. It is lather to he expected that when a single dose of a 
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travenous injection of a barbiturate LD50) in animals, which had prewously 
received a lethal comuilsive dose of isonipecaine (250 mgm./kgm., subcutane- 
ously), aborted convulsions and in manj' instances prevented fatalities. Pheno- 
barbital gave the highest sur\dval percentage but animals so treated had several 
isonipecaine convulsions before the effects of phenobarbital became evident. 
Diphenylhydantoin was ineffective in the dosage employed (f, i, j LD50). 
Most of the barbiturates vith the exception of phenobarbital, when administered 
in a single dose (j LD50), prevented isonipecaine convulsions for one or two 

TABLE 4 

One way barbiluraie-isonipccaine antagonism in rabbits 



* Animals died of respiratory depression shortly after barbiturate injected, 
t Animals showed some protection but died following convulsions. 


hours, but the rabbits died later with recurrence of con\'ulsive symptoms. Sub- 
sequently it was found that repeated injections of evipal whenever necessary 
prevented the deaths of three rabbits which had received 300 mgm./kgm. of 
isonipecaine stihcutaneoiish-. 

Since it is generally known that older rabbits may sometimes differ from 
younger rabbits in their responses to analeptic and depressant compounds, the 
effects of the barbiturates on isonipec.aine overdosage were also investigated on a 
few older rabbits weigliing appro.xim.atcly three kilograms. Three older rabbit.^, 
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it is conceivable that cases of isonipecaine poisoning may result from excessive 
doses taken accidentally or vrith suicidal intent. The question then arises as 
to the efficacy of using a barbiturate to combat any resulting toxic central stimu- 
latoiy action. Treating such cases during the early stages of isonipecaine poison- 
ing may prove to be of value, but it represents a rather hazardous xmdertaking 
becaiise — as has been pointed out — ^the margin of safetj' for such a procedure 
extends over a rather narrow range which becomes ev’en narrower with increasing 
amounts of isonipecaine in the body. Should the treatment be attempted, the 
barbiturate of choice should probablj' be one vsith an intermediate duration of 
action such as pentobarbital or amytal. Such agents maj' be expected to have 
a slightlj’ delayed onset of action in producing respiratory depression, in which 
action isonipecaine may potentiate, and j'et act with sufficient rapidity on the 
higher centers so as not to defeat the purpose of its anticonvulsive usage. Just 
enough barbiturate should be cautiouslj' administered to decrease the severity 
of the comnilsions. Attempts should not be made to block convulsions entirelj' 
in order to minimize the possibilitj’ of causing respiratory depression. 

These findings on isonipecaine substantiate our previous reports (2, 13) that 
isonipecaine has certain properties in common with cocaine in addition to its 
established similarities to morphine and atropine (6, 7, 8, 13). In line with our 
conclusion are the reports that cocaine in large doses enhances pentobarbital 
narcosis and may prolong recovery' time (14), and that its antidotal effect for 
barbiturate poisoning is xmpredictable, being analeptic in some cases and hasten- 
ing respiratory failure in others (15). It would seem, therefore, that the relation- 
diip between the barbiturate and cocaine on one hand, and with isonipecaine 
on the other, is qualitatively similar, with isonipecaine giving the greater additive 
effect on barbital depression and lesser antidotal effect against barbital depression 
than cocaine. 

These findings on isonipecaine also serve to bring out further the similarity' 
in action of isonipecaine to morphine, the latter compoimd being also biphasic 
in its central actions (16). We believe, therefore, that the claims that isonipec- 
aine causes little or no respiratory depression, especially* when it is used in pre- 
anesthetic medication, should be considered more carefully. At any' rate, a 
comparative study' of the potentiating properties of morphine and isonipecaine 
on the toxicity' of hy'pnotics and anesthetics is indicated. 

Aciocowlfdgemexts. The Department of iSIedical Research of Winthrop 
Chemical Company* made possible the completion of this investigation by fur- 
nishing a grant and a supply of isonipecaine and empal. ^Ir RoUan Swanson 
rendered important technical assistance. Professors L W. Hazleton and E. 
William Ligon, Jr. gave valuable advice and timely* suggestions. 

SUMMARY 

1 . It w as found that barbital, phenobarbital, amytal, pentobarbital, and evipal 
(J to i LD50 of the sodium salts) aborted convulsions and usually* prevented 
death m mice and rabbits given an ordinarily lethal dose of isonipecaine. 
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depressant is used to counteract a rather long acting convulsant, phenobarbital 
should give the greatest protection by simpty affording the body more time to 
dispose of the convulsive agent. That the short acting barbiturates are quite 
effective is indicated by our other experiments in which we were able to prevent 
death in rabbits given ordinarily lethal doses of isonipecaine by injecting re- 
peatedly the ultra-short acting evipal as required. 

In mice, however, the fact that a simple optimum dose of any barbiturate is 
usually sufficient to prevent lethal isonipecaine con%nilsions is probablj' due to 
isonipecaine’s being more rapidly detoxified in mice than in rabbits, thus allowing 
the short acting barbiturates to have an adequate duration of effect for prevent- 
ing isonipecaine fatalities. This conclusion is based on the observation that 
mice seem to recover more rapidly than rabbits from the effects of convulsive 
but non-lethal doses of isonipecaine. However, tbe fact that the barbiturates 
were administered intraperitoneally in mice but intravenously in rabbits also 
accounts in part of the better results obtained on mice uith the short acting bar- 
biturates. 

It is evident from the results that there is a distinct limitation on use of bar- 
biturates for isonipecaine overdosage. Large doses of barbiturates ordinaril}'' 
tolerated may cause respiratory depression in animals which have also received 
isonipecaine. This finding is supported by reports that isonipecaine potentiates 
the hypnotic properties of evipal (10) and seconal (11), and by the fact that it 
also shortens the induction time and prolongs the duration of effect of certain 
anesthetic agents (12). 

The inability of isonipecaine to antagonize the barbiturates plus its additive 
effect on barbiturate depression may be explained from the results of various 
investigators (6, 7, 8) who have reported that isonipecaine depresses respiration 
in anesthetized animals. Duguid (7) explains the central nen^ous effects of 
isonipecaine to be “cortical stimulation followed by depression, together uith 
a primary depression of tlie medulla.” It is probable, therefore, that the use of 
isonipecaine after a large dose of a barbiturate serves to intensify the depressant 
action of the barbiturate on the medulla. The loss of our animals so treated can 
be explained on this basis. On the other hand, the early convulsive deaths that 
occur in animals overdosed with isonipecaine may be prevented by suppressing 
convulsions with a minimal anticonvulsive dose of a barbiturate. However, 
the protective effects of the barbiturates are limited in turn bj' the amount of 
isonipecaine present in the animal because the depressant effects of isonipecaine 
probably become more evident at high doses, so that even though convulsions 
are prevented, the animals die due to isonipecaine potentiation of barbiturate 
depression. The less favorable results obtained with barbiturates for intra- 
venous and intraperitoneal isonipecaine overdosage are also in line with this 
conclusion. 

In man the chief to»c signs of isonipecaine overdosage are those of cerebral 
irritation. Severe tremors and uncoordinated muscular movements appear, and 
occasional^' epileptiform seizures develop (17, IS). Allhougli no convulsions 
have been reported from the administration of isonipecaine in therapeutic doses. 
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In a pre%-ions paper (1) letraethylammonium ion nas shown to have a vaso- 
depressor effect in anesthetized cats and dogs. The data presented there led 
to the conchision that this response is due to a block of the vasoconstrictor 
discharge from the spinal cord and that this block occurs at the sympathetic gan- 
glia, at which the preganglionic vasoconstrictor nerves make synaptic connec- 
tions with postganglionic neurons. Evidence was adduced that the cardiode- 
celerator response which usually accompanies the vasodepressor response is due 
to a ganglionic block in the pathway of the cardioaccelerator fibers. 

The present report deals with studies of the effects of tctraethylammonium 
ion on the superior cendcal ganglion of the cat, undertaken in an attempt to 
analyze the mechanism of action. 

Method. Cats were used under anesthesia with 0.7 ec. per Kgm of Dial solution’ (each 
ce. containing diallyl barbituric acidO 1 gram , urethane 0 4 gram, monoethyl urea 0.4 gram, 
in aqueous solution) injected intraperitoneally. A tracheal cannula nas inserted. The 
cervical sympathetic chain on one side of the neck was dissected. The vagus nerve was cut 
at some distance cephalad from the electrodes. The vagus and the cervical sympathetic 
nerve were crushed loner in the neck When postganglionic fibers were stimulated, crani tl 
nerves IX, X, XI, and XII uere dissected and removed away from the electrodes. In some 
esperiments the superior cervical ganglion was crushed. The preganglionic or postgangli- 
onic nerves were stimulated maximally through shielded, platinum electrodes with biphasic 
discharges. 

The eyelids were retracted after a cut into the lateral canthus The nicitating mem- 
brane was connected to an isotonic lever nnagnifying its movements 14 to 2S times and 
recording them on a smoked drum. 

Intravenous injections were made through a cannula inserted into the femoral vein and 
were flushed into the blood stream with 2 to 3 cc of saline Intra arterial injections were 
made in a volume of 0 1 cc into the external carotid artery through a needle inserted into 
the lingual artery "When intra-.arterial injections were made, the external carotid artery 
was ligated cephalad to the branching off of the lingual artery. 

Tctraethylammonium bromide (Eastman Kodak Company) was used in all experiments 
and was made up in an aqueous stock solution of 109fc strength and diluted appropriately 
shortly before injection Elementary analysis and tests for ash and amines showed that 
the sample of tctraethylammonium bromide used was pure.’ Intoeostrin' was used as a 
standardized curare preparation. 

Results. A. Effect on contractions of nictitating membrane produced by pre- 
gangliomc stimulation. Stimulation of the preganglionic fibers of the nictitating 

* Tellow of the Rockefeller Foundation. 

- Generously supplied by Ciba Phamiaccutical Products, Summit, Xcw Jersey. 

’ Tests done b\ Dr Carl Tiedcke, Xew York 

* Generouslj supplied by E. H. Squibb .ind Sons, Xew York 
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2. 'RTien the dose of each barbiturate was increased to about J or f of its re- 
spective LD50 for antagonizing isonipecaine overdosage, it was found that the 
animals died of respiratory depression, coninilsions did not precede death. Sub- 
sequently it was found that even when the amount of isonipecaine v as reduced 
to about 5 its LD50, respiratory failure resulted in animals which had prewously 
received an ordinarily tolerated baibiturate dosage (| LD50). 

3. Diphenylhydantoin (sodium salt) did not act like the barbiturates in the 
above respects 

4. It is concluded that isonipecaine baibituiate antagonism acts only in one 
direction. The barbiturates antagonize the lethal comnilsive effects of isoni- 
pecaine, but isonipecaine potentiates the depressive properties of the barbiturates 
on respiration. 
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still produced a response of the membrane (fig. 4), IMien the injections of 
potassium chloride were repeated after the superior conical ganglion had been 
crushed, no response of tlie nictitating membrane occurred (fig. 3). 

E. Comparison of tciradhylarnmoniwn ion and curare. Tlie administration of 
curare (Intocostrin) during preganglionic nerve stimulation produces temporar 3 ^ 
relaxation of the nictitating membrane similar in many respects to that produced 
by tetraethylammonium ion. The amplitude and duration of the relaxation 
vary with the dose of curare in a manner similar to that described for tetraethyl- 
ammonium ion. 
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KCL STIM.ON TEA KCL 

I.A. I.V. I.A. 


i I 


Tic 4 Uespo.nse to PoTASbn \r lo.x ut/Kt.sc Coupcctl Block of PKEC^^aLro.^rc 
Impilses bi TETRAr.TinLXMMOxicM Ion Co.vtb vctions ok 
Nictitating Memchanl 

At signals K Cl, ultra arterial injection of potassium chloride, 5 mgm At STIM. 
'J-X, beginning of masimal preganglionic stimulation at 3 pei sec .Vt Tll.V, intravenous 
injection of tetraethylammonium bromide, 10 mgm per kgm. Time in minutes 

Cerlain diffeiences between the action of cm aie and that of tetraeth}'lammo- 
mtim ion arc appaient Small doses of curate injected intia-arterially during 
pieganglionic stimulation usually caused a piehminary contraction of the nic- 
titating membiane, an effect not observed with tetiaethylammonium ion The 
lelaxation pioduced by cut are was slower to teach its maximum and lasted longer 
for a given degiec ot lelaxation. 

file cuiaie used (Intoeostnn) is biologically standaulized, and prepared so 
that 1 mgm. oi the mateiial contains a unitoim curaiizing potency. The Small- 
ey dose which upon intra-arterial injection would pioduce a lelaxation of the 
nictitating membiane stimulated via its pieganglionic neive was 0.25 miciogram. 
Complete lelaxation of the membiane occiined with 0.5 mgm. When injected 


276 


GEORGE H. ACHESOX AND SERGIO ARANH.A PEREIR-I. 


doses was followed bj' quick and complete recovei^'. When tet raethylammonium 
bromide was injected intravenousljq only doses of 5.0 mgm. per kgm. or larger 
decreased the response to acetylcholine, 10 mgm. per kgm. causing abolition 
of the response. Eecoverj^ occurred in from 5 to more than 60 minutes, de- 
pending on the dose of tetraethylammonium bromide. IWien the direct action 
of acetylcholine on the nictitating membrane was eliminated bj’’ the intravenous 
administration of atropine sulfate (1 mgm. per kgm.), intra-arterial injections of 
acetylcholine still produced contractions of the nictitating membrane. In 3 
experiments this effect was decreased by tetraethylammonium ion (0.1 to 1.0 
mgm. intra-arterially or 10 mgm. per kgm. intravenously). 



AK T. AK AK AK|AKAK 


Fig. 3. Effect of Tetuaetiiyummonu m Iox on Ganci.io.vic Responses to 

.VCETYECHOLINE AND POTASSIVM lON CONTE ACTIONS OF 
Nictitating Meaibrane 

-tt signals .1 , intra-.arterial injection (via lingual artery into carol id, I lie evternal carotid 
being ligated beyond the branching oft of the lingual) of acetjdcholine bromide, 0.1 mgm. 
At signals A', intra-arterial injections of potassium chloride, 1 mgm. .Vt signal T, intra- 
venous injection of tetraethylammonium bromide, 10 mgm per kgm. .Vt the arroiv, the 
superior cervical ganglion u.as crushed Time in minutes. 

In 3 experiments, intra-arterial acetlycholine elicited responses of the nictitat- 
ing membrane after the superior cenical ganglion had been crashed (and in the 
absence of atropine). This action of acetylcholine was not affected by tetra- 
ethylammonium bromide even \\hcn the latter was injected in doses as large as 
10 mgm. intra-arterially. 

D. Effect on responses to potassiinn ion. Potassium chloride, injected intra- 
arterially in doses of I.O or 5.0 mgm., elicited contraction of the nictitating 
membrane. Tetraethylammonium bromide injected intravcnousl 3 ' in doses of 
10 mgm. per kgm. did not cause a decrease of the response to potassium ion (fig- 
3). When the effects of preganglionic impulses were completely blocked bj’ 
tctraetbjdammonium bromide, intra-arterial injections of pota'-sium chloride 



G\XGLIO\'IC BLOCK B\ TETRAETHYL 


279 


tassium ion stimulated a part of the ganglion itself, rather than postganglionic 
structures, is indicated bj' the absence of any response of the nictitating mem- 
brane after the ganglion had been crushed. Thus the potassium-sensitive part of 
the postganglionic neuron is not affected by tetraethylammonium ion. 

The blocking action of tetraethylammonium ion at the superior cervical gang- 
lion is g^milnr to that of curare. When Intocostrin was compared with tetra- 
ethylanunonium ion vith respect to the ganglionic action, relatively slight differ- 
ences between the tRO substances were obseiwed. The curare preparation is 
the more potent of the two and produces effects which reach their maxima later 
and last longer. Yet the curare preparation in small doses increases the dis- 
charge of the ganglion, a phenomenon not obser\'ed with tetraethylammonium 
ion. A similar effect (increase of twitch height) is seen in skeletal muscle not 
only with curare (o) but also with tetraethylammonium ion (4). 

In the superior cerrical ganglion tetraethylammonium ion, in contrast to curare 
and other substances, has a pure blocking action, with no trace of stimulation, 
either with small doses or with large doses. The shght contractions of the nic- 
titating membrane which were sometimes produced by large doses of tetraethyl- 
ammonium ion occurred as often when the ganglion was crushed as when it was 
intact. Hence these contractions cannot be attributed to a ganglionic stimula- 
tion by this substance, but may result from stimulation of the apparatus which 
lies peripheral to the ganglion. A parallel phenomenon, vasoconstriction, occurs 
when tetraethylammonium ion is injected into the femoral arterj- of the dog (1). 
Vasoconstriction has also been noted in the perfused hind leg preparation of the 
frog (6) . One of tw o possible explanations of these stimulaton’ phenomena seems 
likely. Tetraethylammonium ion stimulates either the postganglionic axons 
of the nictitating membrane of the cat and the vasoconstrictor nerves in the dog 
and frog, or else these smooth muscles themselves. There is evidence that the 
substance may stimulate nerve axons (7). Exddence on denervated smooth 
muscles is lacking The important points for the present discussion are that 
these stimulatory actions of tetraethylammonium ion are not on the ganglion and 
that they are at best shght and inconsistent 

The data presented m this paper strengthen the conclusions jire'v’iouslj- made 
that tetraethylammonium ion does not possess most of the pharmacological 
properties charactenstic of the other quatemarj- ammonium compounds (1). 
Tetraethylammonium ion has, if any, only slight and inconstant muscarinic 
effects and no atropine-hke effects on the nictitating membrane. And it has 
no "nicotinic stimulating” effects on the superior cervical gangjion. .Mthough 
it is quite similar to curare in blocking the transmission of impulses through au- 
tonomic ganglia, it has little, if any, curarizing action in skeletal muscle (8, 4). 

The one predominant effect of tetraethylammonium ion is the block of trans- 
mission across autonomic ganglia According to the terminology' currently in 
use, this block w ould be designated a “nicotinic paralyzing” effect. For not only 
the effects of acetylcholine, but abo those of preganglionic nerve impulses are 
blocked at the organ which is most closely associated with “nicotinic” effects, 
that is, the autonomic ganglion. Yet the action of tetraethylammonium ion 
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intravcnouslj", 0.03 and 1.2 mgm. per kgm. of Intocosfrin produced, respectiv'ety, 
minimal and complete relaxation of the nictitating membrane. 

TOien doses of the order of one to ten micrograms of Intocostrin or tetraethyl- 
ammonium bromide were injected intra-arteriallj% the relaxation of the nictitat- 
ing membrane was of measurable amplitude and of short enough duration so that 
a series of obsen'ations could be made. In three such experiments, attempts 
were made to compare the potency of Intocostrin and of tetraethylammonium 
bromide. Approximately 2 to 5 times as much tetraethylammonium bromide 
was necessarj^ to produce a relaxation of the same magnitude as that produced 
by a given dose of Intocostrin. 

During the relaxation produced by curare, injections of tetraethylammonium 
bromide always caused a further relaxation. No decurarizing effect, such as 
tetraethylammonium ion produces in skeletal muscle (4) was observed. 

Mfhen curare was injected intravenouslj’' during stimulation of the postgan- 
glionic nerve after destruction of the superior cervical ganglion, the contractions 
of the nictitating membrane were unaffected, even though the dose of curare was 
as great as 10 mgm. per kgm. 

Discussion. Illien tetraethylammonium ion is admim'stered during stimula- 
tion of the cer^dcal sympathetic nerve, the nictitating membrane undergoes a 
temporary relaxation. The data presented above permit the localization of the 
site of this action at the superior cenncal ganglion. Tetraethylammonium ion 
does not block the stimulating action of epinephrine or acetylcholine on the 
nictitating membrane itself. Nor does it affect the responses of the nictitating 
membrane to stimulation of the postganglionic axons. Hence the neuromuscular 
system peripheral to the ganglion is not affected by this substance. The in- 
tegrity of the preganglionic axons was not directlj' tested. Yet there is no 
block of conduction in postganglionic axons. Furthermore, the impulses m 
motor nerves to skeletal muscle are not blocked by a wide range of doses of tetra- 
ethylammonium ion (4). We may therefore assume that the impulses in the pre- 
ganglionic axons reach the ganglion. Since we know that impulses set up im- 
mediately beyond the ganglion are not lilocked, we conclude that the ganglion 
is the site of action of tetraethylammonium ion. 

Tlie stimulating effect of acetylcholine on the supen'or cendcal ganglion is 
also blocked by tetraethylammonium ion. This fact is consistent with the theory 
that tetraethylammonium ion blocks ganglionic transmission bj' preventing the 
acetylcholine released at the preganglionic nerve endings from stimulating the 
postganglionic neurons. We have no eindcnce as to whether or not tetraethyl- 
ammonium ion affects the release of acetylcholine from cholinergic nerve fibers. 
Blockage of the effects of injected acetylcholine, however, accounts adequately 
for the block of the effects of preganglionic impulses. 

The alternative possibility that tetraethylammonium ion produces a ganglionic 
block bj' rendering the po.stganglionic neurons inexcitable was tested by the use 
of potas.rium chloride. Even during complete block of the stimulating action of 
acetylcholine or preganglionic impulses, potas.sium ion produces a charactcri.stic 
stimulation of the postganglionic neurons. Tliat in these experiments the po- 
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Extensive pharmacological and biochemical studies have been carried out on 
the effect of di-isopropyl fluorophosphate (DFP) upon various laboratory ani- 
mals (1) (2). It has been found to act predominantly or solely, in the doses em- 
ployed, by inactivation of the enzjTne cholinesterase (Ch.E.). By comparison 
vfith other known anticholinesterase agents, its action is prolonged, lasting for 
days or weeks. This fact coupled with results obtained from in vitro experiments 
has led to the interesting conclusion that DFP irreversibly destroys cholinesterase 
rather than temporaril 3 ’’ inactivating it by the formation of a reversible combina- 
tion. Consequently, after the administration of DFP, Ch.E. activity appears to 
be restored only by the synthesis of new enzyme in the plasma, red blood cells 
and tissue cells. 

Though chemically quite dissimilar, the actions of DFP are qualitatively 
similar in most respects to those of neostigmine and eserine. It was obvious that 
DFP deserved a clinical trial in conditions such as myasthenia gravis and glau- 
coma in which a marked prolongation of an eserine-like action might be desirable 
therapeutically. Consequently, the pharmacology of DFP in man has been 
studied in normal subjects and in patients with mysthenia gravis and glaucoma. 
The effectiveness of DFP in the treatment of these diseases and special phases of 
its ocular pharmacologj^ are being reported elsewhere (3) (16). 

Methods. DFP is a colorless liquid with a specific gravity of 1.055 and a solubility of 
1.54% in water at 25°C. It was prepared for clinical use as a 0.1% solution in peanut oil. 
Two cc. aliquots were placed in glass ampoules and sterilized by autoclaving at 117°C. for 60 
minutes. It has been shown that DFP so prepared maintains its potency for at least one 
year, but if diluted w ith water , it loses its potency within a few days . When aqueous solu- 
tions were used, these were prepared immediately before intramuscular use employing non- 
autoclaved DFP, sterile water and syringes and sterile technique. No evidence of local 
irritation was ever noted following intramuscular injections. For oral administration, a 1% 
solution of DFP in peanut oil was placed in gelatin capsules of convenient size. 

The action of the drug was studied in 7 normal subjects, 8 patients with no organic 
disease, and 7 patients with myasthenia gravis. 

Cholinesterase determinations were carried out upon plasma and RBC from samples of 
heparinized venous blood by a modification of the .Ammon method as described by Mazur 
and Bodansky (1) The method measures the rate of liberation of CO; over a 30 minute 
period in the Warburg apparatus from a NaHCO,-acetyl choline bromide solution. Results 
were calcukated as nM CO- liberated from 1 cc. of a 1 :5 dilution of plasma or 1 :10 dilution of 
RBC hemolysate. Control values were determined on samples taken from each individual 
before the administration of DFP and at least 12 hours after the last dose of neostigmine (if 
the latter had been administered pre\-iouslj-) ; subsequent values are expressed as percent- 
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has little resemblance to that of nicotine. It lacks completely the stimulating 
property and all the other properties of nictoine except the power to block gan- 
glia. If phaiTnacological effects are to be named after pharmacological agents, 
it would seem that the blockage of ganglia should be named after the substance 
which in the purest manner exemplifies this effect. A more satisfactorj’ alterna- 
tive is, however, to describe the action of the pharmacological agent in terms of 
the site and nature of its action. Tetraethylammonium ion, then, over a vide 
range of doses exerts a specific ganglionic blocking action. 

SEMMARY 

In cats under dial anesthesia the effects of tetraethylammonium bromide were 
studied on the nictitating membrane and its innervation. This substance does 
not materially affect the membrane itself or its postganglionic neiwes. It pro- 
duces a block of transmission of nerve impulses across the superior cenical 
ganglion. The ganglionic stimulating action of acetylcholine is also blocked, 
but that of potassium ion is not. I'nlikc curare, many other quaternarj’ am- 
monium compounds, and nicotine, tetraethylammonium ion has no actions 
except this specific ganglionic blocking action over a wide range of doses. 
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Extensive pharmacological and biochemical studies have been carried out on 
the effect of di-isopropyl fluorophosphate (DFP) upon various laboratorj" ani- 
mals (1) (2). It has been found to act predominantly or solely, in the doses em- 
ployed, by inactivation of the enzyme cholinesterase (Ch.E.). By comparison 
with other known anticholinesterase agents, its action is prolonged, lasting for 
days or weeks. This fact coupled with results obtained from in vitro experiments 
has led to the interesting conclusion that DFP irreversibly destroys cholinesterase 
rather than temporarily inactivating it by the formation of a reversible combina- 
tion. Consequently, after the administration of DFP, Ch.E. acthdty appears to 
be restored only by the synthesis of new enzjrme in the plasma, red blood cells 
and tissue cells. 

Though chemically quite dissimilar, the actions of DFP are qualitatively 
similar in most respects to those of neostigmine and eserine. It was obvious that 
DFP deserved a clinical trial in conditions such as myasthenia gravis and glau- 
coma in ■which a marked prolongation of an eserine-hke action might be desirable 
therapeutically. Consequently, the pharmacology of DFP in man has been 
studied in normal subjects and in patients ■with mysthenia gra^vds and glaucoma. 
The effectiveness of DFP in the treatment of these diseases and special phases of 
its ocular pharmacology are being reported elsewhere (3) (16). 

Methods. DFP is a colorless liquid with a specific gravity of 1.055 and a solubility of 
1-51% in water at 25°C. It was prepared for clinical use as a 0.1% solution in peanut oil. 
Two cc. aliquots were placed in glass ampoules and sterilized by autoclaving at 117°C. for 60 
minutes. It has been shown that DFP so prepared maintains its potency for at least one 
year, but if diluted with water, it loses its potency within a few days. When aqueous solu- 
tions were used, these were prepared immediately before intramuscular use employing non- 
autoclaved DFP, sterile water and sjTinges and sterile technique. No eiudence of local 
irritation was ever noted following intramuscular injections. For oral administration, a 1% 
solution of DFP in peanut oil was placed in gelatin capsules of convenient size. 

The action of the drug was studied in 7 normal subjects, 8 patients with no organic 
disease, and 7 patients with myasthenia gravis. 

Cholinesterase determinations w ere carried out upon plasma and RBC from samples of 
heparinized venous blood by a modification of the Ammon method as described bj- Mazur 
and Bodansky (1). The method measures the rate of liberation of CO- over a 30 minute 
period in the Warburg apparatus from a NaHCOi-acets'l choline bromide solution. Results 
were calculated asfiM. CO; liberated from 1 cc. of a 1:5 dilution of plasma or 1:10 dilution of 
RBC hemolysate. Control values %vere determined on samples taken from each indiaddual 
before the administration of DFP and at least 12 hours after the last dose of neostigmine (if 
the latter had been administered previously); subsequent values are expressed as percent- 
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ages of the controls. It should be pointed out that because of the irreversibility of the 
DFP-Ch.E. complex, such factors as dilution (which necessitates complicated corrections 
in the determination of Ch.E. activity following neostigmine (4)) do not interfere with 
Ch.E. determinations following DFP. 

Liver function was studied in the patients with myasthenia gravis by the following tests: 
plasma bilirubin (5), cephalin-cholesterol flocculation (6), bromsulfalein excretion (7), 
Watson urobilinogen (8), Wallace and Diamond urobilinogen (9), Harrison bilirubin spot 
(10), methylene blue (11), and blood cholesterol (12). Kidney function was evaluated hy 
determinations of urinary specific gravity, blood xirea nitrogen, PSP function teat, and van 
Slyke urea clearance test. Determinations of red blood cell count, hemoglobin, white hlood 
cell count, differential white celt count, blood sugar, and plasma proteins were also done at 
intervals during and after the course of therapy. The effect upon the cardiovascular sys- 
tem was determined by injecting 2.0 mg. of DFP in oil intramuscularly into 7 normal fasting 
adults. Pulse, blood pressure, cardiac output (ballisto-cardiogram) and EGG were re- 
corded during the control period, and at intervals of 1, 2, 5, 9 , and 12 hours after injection. 
The ballisto-cardiograms were measured by the area method (13) . The subjects were either 
resting continuously, or had a complete rest of 30-60 minutes before recording. Inasmuch 
as the cardiovascular system becomes “basal” after the BMR has reached its minimum, a 
patient was not considered basal until a steady pulse had been obtained over a 30 minute 
period. Blood sugar was measured by a modification of the Benedict method (14) before 
and one to two hours after DFP in order to detect any stimulation of the adrenal medulla 
following DFP. Vital capacity measurements were made in 5 of the subjects to determine 
the possible occurrence of bronchoconstriction; the best of three trials was recorded. 

Results. A. The Effect of DFP upon blood Ch.E. activity. In table 1 are 
shown the reductions in plasma and RBC Ch.E. activity following the initial oral 
or intramuscular administration of DFP. This confirms the results previously 
reported that plasma Ch.E. is very sensitive to the action of DFP and may be 
depressed, to very low levels, without any significant reduction in the activity of 
erythrocyte Ch.E. (1) (2). It can be seen that in the higher dosage range, the 
plasma Ch.E. activity weis lowered to 1-25% of its original value while the RBC 
Ch.E. was reduced to 62-94% of its control value. 

This table also indicates that comparable lowering of RBC Ch.E. was usually 
accomplished by administration of 8 to 10 mg. of DFP in oil orally and by 2 to 3 
mg. of DFP in oU intramuscularly. In the lower dosage ranges at which RBC 
Ch.E. was not affected, comparable reductions in plasma Ch.E. followed adminis- 
tration of 2 mg. orally and 0.5 intramuscularly. This confirms the results 
obtained in experiments upon monkeys (2) that the oral dose is approximately 
3-5 times that of the intramuscular dose. 

The rate of absorption of DFP after intramuscular and oral administration 
was followed by measuring, at frequent intervals, its effect upon blood Ch.B. 
activity. In 2 subjects (H. G. and S. C., table 2) the RBC Ch.E. reached its 
lowest level within three hours after intramuscular injection of 2 mg. of DFP ^ 
oil. In one subject (R. W.) the RBC Ch.E. reached its minimum acti\'ity within 
43 minutes, after injection of 2 mg. of an aqueous solution of DFP. In our 
experience, though the absorption rates differ, the amount absorbed is equal from 
both vehicles following intramuscular injection. In 7 other patients, blood 
samples were taken 4^ and 24 hours after oral administration of DFP in oil; m 
5 of this group, minimal values for RBC Ch.E. were obtained in the 4| hour 
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TABLE 1 

Ch.E. levels in plasma and RBC hcmolysalc after initial adminisiration of DFP 


PATIENT 

^IGHT 

DFP 

XOUTE 

% or coNTxoi. Cb.E. Acrmxv 

PUnaa 

RBC 







F. P. 

85 

0.7 

i.m. 

40 

110 

M. C. 

87 

0.7 

i.m. 

35 

102 

B. M. 

95 

0.8 

i.m. 

42 

104 

S. C. 

58 

2.0 

i.m. 

2 

77 

S. C.» 

58 

2.0 

i.m. 

10 

64 

H. G. 

67 

2.0 

i.m. 

10 

84 

N. A. 

43 

2.5 

i.m. 

6 

69 

B. G. 

49 

2.5 

i.m. 

6 

75 

A.D. 

42 

3.0 

i.m. ‘ 

2 

70 

K. W. 

41 

3.0 

i.m. 

9 

70 

L. G. 

60 

3.0 

i.m. 

1 

63 

B. B. 

82 

2.8 

oral 

57 

96 

G.K. 

76 

2.5 

oral 

26 

108 

A. G. 

61 

2.0 

oral 

25 

107 

■W. McN. 

59 

6.0 

oral 

2 

89 

H. "W. 

58 

6.0 

oral 

7 

87 

J. C. 

68 

8.0 

oral 

1 

94 

H.M. 

82 

8.0 

oral 

25 

84 

A.B. 

48 

8.0 

oral 

2 

62 

L. H. 

52 

8.0 

oral 

1 

63 

A. S. 

61 

10.0 

oral 

1 

66 

B.M. 

56 

10.0 

oral 

2 

67 


TABLE 2 

Rale of inaelivalion of Ch.E. following DFP inlramnseularly 


PATIENT 

IK)SC 

TIUE ATX£% Ainnsis- 
TXATtOK 

Ch.E. ACTIVITY 

Plasma 

RBC 


mg. 




H. G. 

2.0 (oil) 

Control 

100% 

100% 



1 hr. 

34 

91 



2 hrs. 

33 

94 



3 hrs. 

10 

88 



5 hrs. 

11 

84 

s. c. 

1 2.0 (oil) 

Control 

100% 

100% 



1 hr. 

2 

93 



2 hrs. 

2 

79 



3 hrs. 

2 




19 hrs. 

13 

77 

R. W. 

2.0 (water) 

Control 

8%* 

66% 



43 min. 

2 

40 



63 min. 

2 

41 


* In those instances in tables 2 and 3, in which the control Ch.E. values are less than 
100%, DFP had been given prei-iouslj-. 
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samples. In another patient, blood samples were taken at hourly intervals; 
analysis of these indicated that complete absorption occurred within 3 hours. 

Other investigators (1) (2) have noted that E.BC Ch.E. activity in animals 
returns to normal much more slowly than does plasma Ch.E. Our studies have 
confirmed this finding in man. As shown in table 3, plasma Ch.E. activity began 
to increase ndthin 24 hours after the last dose of DFP while KBC Ch.E. rarely 
showed any significant increase mthin 3 days. In H. G., plasma Ch.E. rose from 
2 to 94% in 19 days while RBC Ch.E. increased from 44 to only 50% over the 
same period. 

These results confirm the conclusion reached in animal experiments (2) that 
determination of plasma and red cell Ch.E. activity are of no value as a guide to 
clinical dosage. Plasma Ch.E. was often reduced to 1% of its original value by 
a single dose of DFP without any detectable signs or symptoms of increased 
parasympathetic activity. The red cell Ch.E. should be a more accurate indica- 
tion of the degree of inliibition of this en^nne in nerve and muscle, since the 
sensitivity of RBC Ch.E. to DFP more closely approximates that of muscle and 
nerve (1). However, subjects often noted marked side effects (see below) follow- 
ing single doses of DFP when the RBC Ch.E. was 70-75% of its original actmty, 
and later, after repeated dosage, had fewer or no ^^ymptoms even though the RBC 
Ch.E. was below 15%. 

B. Symptoms produced by DFP. The reactions following the initial adnunis- 
tration of DFP (2 to 3 mg. intramuscularly or 6 to 10 mg. orally) to 22 individuals 
were carefully noted. Gastrointestinal symptoms were most common. There 
were 12 complaints of nausea, 10 of epigastric distress, “indigestion” or belching, 
7 of anorexia, 4 of vomiting, 2 of abdominal cramps, 2 of diarrhea and 3. of in- 
creased peristalsis. The gastrointestinal tract was observed fluoroscopically in 3 
patients -with mj^asthenia gra^’is at the height of the nausea produced bs’' DFP . 
In one (R. W.) the stomach emptied more slowly than normaIly(“extreme hj^po- 
tonia”) and regurgitation of the contents of the duodenum was noted. In a 
second (A. D.) there was slight difficulty in the initiation of the swallowing act. 
In the third (S. C.) the stomach emptied slowly, but its contents could be pushed 
easily into the duodenum; an 00 capsule was temporarily arrested at the level of 
the aortic arch but there was no evidence of cardiospasm. 

In some subjects there were complaints that may be referable to the central 
nervous system: 4 of dizziness, 2 of shakiness, 3 of weakness, 2 of unusual number 
and character of dreams or nightmares, and 2 of a peculiar “drifting” sensation 
upon dozing. Three patients complained of substemal tightness and 2 of “chok- 
ing sensations” which may have been due to bronchoconstriction. Four subjects 
complained of back pain. 

Secretory activity was not measured objectively following administration of 
DFP, but no subject complained of increased sweating or salivation. In two 
female patients, dribbling of urine wms noted occasionally; a similar occurrence 
followed the use of neostigmine in these patients. Tins was probably due to the 
relaxation of the bladder sphincter brought out by parasympathetic stimulation. 

The six patients with myasthenia gravis who received the drug repeatedly 
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TABLE 3 


Rale of regeneration of Ch E. following tniramxiscvlar adminisiration of DFP 


PATIEVT 

DOSE 

roc: ATTEX LAST DOSE 

Ch.E AcnviTV 

Plasma 

RBC 


WS 




H. G. 

2.0 (oil) 

Control 

12%* 

70% 



3 hrs 

2 

44 



8 Ivrs. 

4 

37 



29 hrs. 

11 

39 



53 hrs. 

26 

42 



3 days 

31 

42 



4 days 

40 

44 



5 days 

46 




6 days 

SO 

42 



7 days 

45 

43 



8 days 

52 

44 



10 days 

67 

49 



16 days 

SI 

46 



19 days 

94 

50 



22 days 

124 

50 



25 dajs 

122 

50 

L G. 

3.0 (water) 

Control 

100% 

100% 



SO min. 

0 

76 



22 hrs 

15 

63 



46 hrs 

34 

61 



72 hrs. 

42 

71 

S C 

3 0 (oil) 

Control 

46% 

56% 



4 hrs 

1 

33 



3 daj's 

30 

34 



4 dajs 

35 

48 



5 days 

43 

43 

S C. 

3 0 (oil) 

Control 

43% 

43% 



4 hrs 

3 

22 



28 hrs 

10 

19 



2 da3*s 

16 

25 



4 da^s 

30 

22 



6 da3's 

39 

25 

A. D. 

2 0 (oil) 

Control 

23% 

61% 



40 hrs 

17 

51 



64 hrs 

. 25 

44 



SShrs 

36 

45 



112 hrs 

39 

45 

A D. 

3.0 (oil) 

Control 

33% 

30% 



17 hrs. 

5 

23 



62 hrs 

14 

24 



85 hrs. 

26 

21 



110 hrs 

37 

28 


• See note, table 2. 
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noted the above symptoms on numerous occasions. In addition 3 patients com- 
plained of chilly sensations, 3 of headache, 2 of palpitation, 2 of paraesthesias, 3 
of muscle twitching or cramps and one of "strained eye.” Despite its marked 
effect upon the eye when instilled locally (3), no evidence of definite miosis or of 
ciliary spasm was observed following systemic administration. 

In 6 patients witli myasthenia gravis, a comparison was made of the ade 
actions produced by neostigmine and DFP. The doses of neostigmine used were 
sufficient to control the symptoms of myasthenia; the doses of DFP were such 
that symptoms were only partially controlled. As shown in table 4, nausea was 
produced by DFP in 45% of 49 administrations, while it followed the use of 
neostigmine in only 3.5% of 308 administrations. This occurred despite the fact 
that repeared doses of 0.6 mg. atropine sulfate were given orally or subcutane- 
ously in an attempt to control gastrointestinal effects. In only a few cases did 
atropine (in doses short of producing the imcomfortable side effects) prevent or 
relieve these S 5 rmptoms. Miscellaneous symptoms followed 65% of the DFP 

TABLE 4 


Comparison of side effects produced by neostigmine and DFP in G patients with 
myasthenia gravis 



KEOSTIC- 

WIVE 

OCCURXEHCE | 

B 

DFP 

occosuKO: 

r. 

Total doses . ... 

308 


49 


Nausea 

11 

3.5 

22 

44.8 

Vomiting 

2 

0.6 

9 

18 

Diarrhea . 

2 

0.6 

11 

22 

Headache 



9 

IS 

Miscellaneous symptoms 

19 

6.1 

32 

65.4 


doses and only 6% of the neostigmine doses. It appears that DFP is capable of 
producing effects other than those upon skeletal muscle or upon the peripheral 
portion of the autonomic nervous system. \\Tiether the central nervous effects 
of DFP are due to inactivation of Ch. E. can only be surmised. It is probable 
that both DFP and neostigmine have actions other than those due toinactivation 
of Oh.E. 

C. Effect of repeated administration of DFP on body functions. Repeated ad- 
ministration of DFP to 6 patients with myasthenia gravis, who received 11 to 
210.6 mg. over periods ranging from 6 to 149 days, had no effects upon liver, 
kidney or hematopoietic function ■with the exception of H. G. who developed a 
severe hepatitis. The possibility of a hepatotoxic reaction to DFP was consid- 
ered, but appeared to be remote for the following reasons: A total of only H-O 
mg. had been administered over a four week period (the most strongly hepato- 
toxic drugs do not produce liver damage even in 5 to 10 times this dosage). 
DFP, given over a period of several months in repeated high doses, produced no 
change in liver function or in liver structure in dogs, monkeys, and rats (2). 
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Careful studies on man have failed to reveal any liver abnormality except in this 
patient. The jaundice became apparent 25 days after the last injection and 50 
days after the injection of 7 of the 11 mg. of DFP. Such a long latent period is 
not characteristic of hepatitis due to toxic drugs. The patient had received two 
transfusions of 500 and 300 cc. citrated blood two months previously. The latent 
period between these transfusions and the jaundice is quite typical of that of 
homologous serum jaundice. For these reasons, this reaction was classified as a 
virus hepatitis rather than one due to DFP . 

D. Effects of single injections of DFP upon body functions. The effect of 2.0 
mg. of DFP in oil (administered intramuscularly to normal adults) upon pulse, 


TABLE 5 

Effects of DFP (.2.0 mg. in oil 1. M.) and neostigmine (i.O mg. 1. M.) 
upon cardiovascular system 



blood pressure, cardiac output, vital capacity and blood sugar, is shown in tables 
5, 6, and 7. There was no significant effect upon the cardiovascular system; in 
this respect, the action of DFP was quite similar to that of neostigmine given to 
the same subjects (table 5). Electrocardiographic tracings were made upon each 
occasion that a ballistocardiogram was taken. The former were analyzed for 
evidences of vagus stimulation of the heart; no consistent abnormalities were 
observed. 

Vital capacity was measured in 5 subjects in an attempt to detect the possible 
occurrence of bronchoconstriction; none occurred. It is obvious that vdtal 
capacity determinations would not detect mild bronchoconstriction since muscu- 
lar effort could overcome such resistance. The drug has not and should not, we 
believe, be given to patients with a history of asthma. 
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E. Simultaneous use of neostigmine and DFP. It has been reported on the 
basis of animal experiments employing large dosage of neostigmine and DFP (15) 

TABLE 6 


Effect of intTamuscular injcclion of S.O mg. of DFP in oil upon the vital capacity of 

normal adults 



! 

CONTROL ' 

TIVCE AFTER DFP INJECTION 

1 hr. 

1 2 hrs. j 

9 hrs. 

B. B. 

5,480 

5,570 


5,660 

W. G. 

5,220 




J. D. 


4,130 



W. S. 

4,670 

4,670 



P. W. 

2,900 

3,080 




TABLE 7 

Effect of DFP upon the blood sugar of normal fasting adults 


SUBJECT 


BLOOD SUGAR 


CoQtrol 

1 hr. after drug 

2 hrs. after drug 


mg. per 100 ec.* 

wf. per 100 ec.* 

mi. Per 100 ee.* 

B. B. 

90 

87 

86 


SS 

87 

82 

W. G. 

82 

82 

71 


81 

78 

70 

J. D. 

81 

78 

75 


79 

75 

74 

W. S. 

91 

91 

93 


90 

89 

96 

P. W. 

88 

93 

95 


88 

95 


C. B. 

88 

89 

1 

SS 


88 

90 

86 

J. T. 

88 

83 

87 


88 

81 

88 

A. C.t 

85 

S3 

82 


90 

83 

81 

M. H.t 

78 

79 

80 


75 

78 

80 


* All determinations done in duplicate, 
t Subjects received no drug. 


(2) that previous administration of neostigmine prevents some or all of the actions 
of DFP, while the preliminaio' injection of DFP leads to marked augmentation 
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or potentiation of the effects of subsequently administered neostigmine. Since 
such combinations might lead to unusually marked, or unusually slight, effects 
therapeutically, it was necessary to determine whether the same relationship held 
over the range of therapeutic dosage. Two patients with myasthenia gravis who 
had low plasma (32 and 32%) and RBC (16 and 27%) Ch. E. levels following 
intensive therapy ivith DFP (ending 3-5 days previously) were given ascending 
doses (0.12, 0.24, 0.48 mg.) of neostigmine hypodermically at 4 hour intervals. 
No reaction followed any injection. Following this test, neostigmine and DFP 
were used concurrently; no increased effects were ever noted from the employ- 
ment of the patient’s usual dose of neostigmine at times when the blood Ch.E. 
levels were markedly reduced due to DFP action. No attempt was made to 
determine possible toxic effects from larger doses of neostigmine following the 
administration of DFP. 

While we have no quantitative data on this point it appeared that previous 
administration of neostigmine to some of our patients ivith myasthenia gravis 
prevented the action of DFP (16). More precise experiments bearing on this 
point were performed in man by Leopold and Comroe (17) who instilled physos- 
tigmine or neostigmine into one conjunctival sac of normal individuals and, at 
the height of the miosis produced, then instilled DFP into the conjunctival sacs 
of both eyes. It was found in every case that previous administration of neo- 
stigmine or physostigmine prevented the characteristic prolonged miosis of DFP. 
The eyes that had received DFP alone showed marked miosis lasting for more 
than a week whereas in those that had neostigmine or physostigmine followed in 
half an hour by DFP, the miosis was of relatively short duration (one to two 
days). It is possible that this antagonism extends to other bodily systems. 

SUMMARY AND CONCLUSIONS 

1. The administration of DFP in small dosage (2-3 mg. intramuscularly) 
resulted in marked decrease in plasma choline esterase and slight decrease in RBC 
cholinesterase. The effects of DFP on the body resemble qualitatively those 
produced by neostigmine, but were much more prolonged. Plasma Ch.E. did 
not return to normal until several days or weeks after administration of a single 
dose of DFP; RBC Ch.E. required much longer periods of time. 

2. Single injections of DFP had no consistent effect upon pulse, systolic and 
diastolic blood pressure, ECG, BCG, vital capacity, and blood sugar. Repeated 
injections produced no changes in hepatic, renal or hematopoietic functions. 

3. Large or repeated doses produced symptoms which were predominantly 
gastrointestinal in origin (nausea, epigastric distress, vomiting, abdominal 
cramps, increased peristalsis and diarrhea). These are attributable to increased 
actiidty of the paras 3 rmpathetic nervous system. Sjunptoms referable to the 
central nervous system were observed less frequently. 

4. Administration of moderate doses of neostigmine following DFP did not 
produce any evident potentiation of their effects, though previous administration 
of neostigmine reduced or prevented the actions of DFP. 

5. The rate of absorption, the ratio of oral to intramuscular dosage, and the 
suitability of peanut oil as a vehicle were investigated. 
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Although a relatively high degree of pharmacologic action is associated vith 
certain tetrazole structures, descriptions of the action of only a small number of 
these compounds have been reported in the literature. Because of its practical 
usefulness as an analeptic agent, pentamethylene tetrazole (metrazol) is perhaps 
the best known member of this group of compounds. Other compounds of this 
type which have been investigated in some detail include camphor tetrazole 
whose actions have been described by Jackson (1), a number of methyl sub- 
stituted pentamethylene and tetramethylene tetrazoles described by Issekutz, 
et al. (2, 3), and several polymethylene tetrazoles prepared and described by 
Ruzicka, et al (4). Excepting these few compounds, the literature concerning 
the pharmacologic action of tetrazole derivatives is particularly barren. 

The tetrazole ring is unique among cyclic systems in that it offers only two 
points of substitution, in positions 1 and 5. 


H— K- 


-C— H 


\ / 

N 

3 

Tetrazole 


R— N- 


-C— R 


N N 
N 


CH. 

/ \ 


sCH. 

CH 27 

1 

loCHj 

1 

1 

CHe 6 

1 

1 

iN 

I 

-C 5 

1 

11 

sN 

N 4 


N 

3 


A great variety of tetrazole derivatives has b^en described in the chemical 
literature. The substituents, R, may be hydrocarbon groups such as simple 
alkyl or aryl groups, or one substituent may be an amino group (NH 2 ), a sulf- 
hydryl group (SH), a hydroxyl group (OH), a halogen or some modification of 
these. The pentamethylene structure shown above represents a special case of a 
dialkyl substituted tetrazole derivative in which the two alkyl substituents fonn 
a second cyclic system. The addition of the pentamethylene structure with ten 
theoretically replaceable hydrogen atoms naturally greatly enhances the possi- 
bility of substitution in the structure. 

A rather wide variety of new tetrazole structures has been made available to 


' These compounds were prepared by E. Bilhuber, Inc. 
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US, and it is our intention to describe in this and subsequent publications some of 
the pharmacologic properties of these different structures and to attempt to 
make some correlation between structural changes and changes in pharmacologic 
action. It seemed desirable for the present to classify these derivatives on the 
basis of the chemical structiural relationships although at a later date a restate- 
ment of the results on the basis of pharmacologic action may become informative. 

The first group of new tetrazole derivatives rvith which the present report is 
concerned consists of derivatives of pentamethylene tetrazole in which a variety 
of alkyl groups have been introduced at different points in the pentamethylene 
structure. Most of these compounds exhibited pharmacologic effects similar to 
those of the parent substance, pentamethylene tetrazole (metrazol), and were of 
interest primarily from the point of view of their possible usefulness as analeptic 
agents. 

The use of analeptic agents to produce arousal in depressed states due to drugs 
is a common practice. The effectiveness and usefulness of an analeptic agent 
varies directly with its ability to stimulate respiration without producing con- 
vulsions. The greater the spread between the stimulating dose and the con- 
vulsive dose in the depressed subject the more useful the analeptic agent. Penta- 
methylene tetrazole (metrazol) which has been widely used as a respiratory 
stimulant is very prompt in its action and its effect is of relatively short duration 
and not cumulative. It has been used as the standard for comparison in this 
investigation. 

Issekutz and co-workers (2) have reported that the introduction of a methyl 
group into the pentamethylene tetrazole structure (Compounds TT-1 and TT-6 
in tables 1 and 2) enhances the activity of the parent structure. We have been 
able to confirm their results. In view of this fact, it appeared desirable to 
extend the series of alkyl substituted pentamethylene tetrazole derivatives to 
learn whether the maximum enhancement of activity had been attained and to 
study in more detail the analeptic action of the various compounds. The struc- 
tures of the alkylated pentamethylene tetrazoles were varied systematically 
and an effort was made to correlate these structural changes vdth changes in the 
pharmacological action. Both the convulsant and analeptic actions of twenty- 
five derivatives of pentamethylene tetrazole were determined and the residts are 
summarized in table 2. The chemical structures of all the compounds are shown 
in table 1. 

Experimental. The stimulatory action of these compounds upon the central nervous 
system was studied by injection of graded doses into albino rats of approximately equal 
weights. The water-soluble compounds were administered intraperitoneally, while water- 
insoluble compounds were dissolved in dibutyl succinate and injected intramuscularly. The 
toxic effect of dibutyl succinate when given intraperitoneally (5) necessitated administration 
of these solutions by the intramuscular route. For comparative purposes pentamethylene 
tetrazole was administered both in water and in bibutyl succinate solution. The dose in 
normal rats did not exceed 1000 mgm./kgra. Convulsive and lethal effects within this 
limit were recorded. 

Arousal action was studied on rats, rabbits and dogs under pentobarbital sodium anes- 
thesia. An anesthetic dose of pentobarbital sodium (35 mgm./kgm.) was administered 
intraperitoneally in rats and intravenously in rabbits and dogs. After deep anesthesia had 



TABLE 1 

Stmclural relationships 

H E 4 
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C 

R5\ 

>C3 

U./ 1 j \r= 

Hv 1 1 /H 

>010 5C< 

T?./ I I \r. 
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Substituted pentameth}’lene tetrazole 
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H 

H 
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H 

CH, 
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CH, 
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n-C,H, 
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CH, 
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H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

iso-C,H7 

H 

H 


CH, H 



(a) Metrazol methyl benzene sulfonate (quaternary salt). 

(b) Metrazol methiodide (quarternary salt). 

(c) S-tert. Butj 1 pentamethylene tetrazole methyl benzene sulfonate (quaternary salt). 

1. The sj-nthesis and chemical properties of these compounds will be described else- 
where 

2 It should be pointed out that the methods employed in the sjuithesis of these com- 
pounds could in certain cases lead to isomeric products. .Mthough each compound de- 
scribed in table 1 is a pure, homogenous product, the possibility crisis in certain cases that 
the compounds have the isomeric structure which would be represented by transposition 
of the substituent groups in positions 7 and 9, and 6 and 10. 
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TABLE 2 

Convulsant, lethal and arousal doses 


COltPOUND NO. 

AKIUAL 

SOLVENT USED 

ifixmiTu 

CONVULSIVE 

DOSE 

uiKnnnr 

LETHAL 

DOSE 

ALOUSAL TOLLOW- 
INC EENTOBAMITAL 
ANESTHESIA, KINl- 
UAL REQUIRED 

ROUTE or 
ADIOKISTEA* 
TION 




mgtn./igm. 

rtgm./igm. 

mgm./kgm. 


Metrazol 

Rat 

Water 

25 

so 

55-60 

I.P. 

Afetrazol 

Rat 

Succinate 

35 

60 

70-80 

I.M. 

Metrazol 

Rabbit 

Water 



45-50 

I.V. 

Metrazol 

Rabbit 

Succinate 



75 

I.M. 

TT-1 

Rat 

Water 

30 

35 

100 

I.P. 

TT-1 

Rabbit 

Water 



40 

I.V. 

TT-7 

Rat 

Water 

10 

25 

50 

I.P. 

TT.7 

Rabbit 

Water 



I5t 

I.V. 

TT-6 

Rat 

Water 

4 

S 

5-10 (I.P.) 

131. 

TT-6 

Rabbit 

Water 



5-10 

I.V. 

TT-6 

Dog 

Water 



10 

I.V. 

TT-011 

Rat 

Succinate 

3 j 

s 

15 

I3I. 

TT-012 

Rat 

Succinate 

750 

900 


I.M. 

TT-94 

Rat 

Succinate 

3 

5 

20 

I.M. 

TT-90 

Rat 

Succinate 

150 

200 


I.M. 

TT-87 

Rat 

Succinate 

♦, •• 



I.M. 

TT-IS 

Rat 

Succinate ft 

t 



I.M. 

TT-S 

Rat 

Succinate 

600 

1 


I.M. 

TT-54 

Rat 

Water 

• 



I.P. 

TT-11 

Rat 

Succinate 

» 



I.M. 

TT-63 

Rat 

Succinate 

t 



I.M. 

TT-64 

Rat 

Water 

• 



I.P. 

TT-13 

Rat 

Succinate 

« 



I3I. 

TT-52 

Rat 

Succinate 

300 

500 

600-700 

I.M. 

TT-55 

Rat 

Succinate 

* 



I.M. 

TT-57 

Rat 

Water 




I.P. 

TT-22 

Rat 

Succinate 

500 



I.M. 

XT-4 

Rabbit 

Succinate 



150 (slight) 

I3I. 

TT-53 

Rat 

Water 

t 



I.P. 

TT-56 

Rat 

Succinate 

t 



I.M. 

TT-40 

Rat 

Water 

t 



I.P. 

TT-41 

Rat 

Water 

t 



I.P. 

TT-0102 

Rat 

Water 

300§ 

500 


I.P. 


•Negative up to 1,000 mgm./kgm. 
t Negative up to 500 mgm./kgm. 

t 20 to 30 mgm./kgm. doses required for the animal to assume a sitting position. 

§ Mixed depression and convulsions. 

•* Quieting and sedation, 
tt Succinate + 10% ethanol. 

developed, graded doses of the experimental compounds were administered and the arousal 
effects noted. The criterion of arousal in rats was their ability to assume a crawling posi- 
tion, in rabbits and dogs, the ability to sit up and raise the head. The minimal doses re- 
quired to fulfill these criteria were determined. 

Certain compounds which showed considerable stimulatory action in low doses and 
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appeared to have fairly low toxicity were further studied for their ability to increase respi- 
ration depressed by morphine or pentobarbital sodium. Changes in minute volume and 
respiratory rate as compared with the normal were recorded after administration of pento- 
barbital sodium (35 mgm./kgm.) or morphine (3 mgm./kgm.) and subsequent administra- 
tion of the test compound, orally in propylene glycol solution or intravenously in aqueous 
solution. 

Results. A summary of the convulsive, arousal and toxic doses of the new 
compounds is presented in table 2. 

The eSectiveness as respiratorj' stimulants of several compounds which ex- 
hibited favorable action as arousal agents can be judged from the data in table 

TABLE 3 


Effect of oral administration of tetrazole derivatives on respiration depressed with pentobarbital 

sodium 


TIU£ ATTEX ASION- 
ISTXXTIOK Of 
STnfUlANT (UIK- 

tnxs) 

RABBtrS, J5 UG*C./KCU. PCKTDBARBirAI. SOSIUK 

^ i>oes 

Metrazolf 100 zngm./ 
kgm. 

TT-94, so mgm /kgrtt. 

TT-S2» 100 rngm./ 
kgm. 

TT-W. 50 mgm / 
kgm. 

Resp ^ol. 

Minute 

rate 

Resp. vol. 

Minute 

rate 

Resp. vol 

Minute 

rate 

Resp vol. 

Minute 

rate 


ee /mn 


ec.fmin. 


cc {min. 




(Normal) 

2,400 

124 


120 

1,700 

130 



Depressed 

950 

46 


44 

500 

26 


24 

5 

1,100 

52 


78 

400 

12 


21 

10 

900 

48 

BKdSI 

72 

700 

26 


47 

IS 

850 

46 



600 

32 



20 

1,100 

58 

1,000 

60 

600 

32 


48 

25 

1,150 

68 



1,000 

46 



30 

1,200 

76 

1,000 

60 

800 

38 


24 

35 

1,450 

78 



900 

42 



40 









45 

1,700 

104 



900 

44 



50 

1,750 

136 







55 

1,600 

132 



900 

44 



60 

1,700 

124 

1,050 

60 



Hi 

24 


3. The effect of compoimds TT-6, TT-94r and TT-52 on the respiratory rate and 
minute volume of rabbits or dogs under pentobarbital sodium or morphine 
depression was compared with metrazol as a standard. The minute volume was 
recorded by a calibrated spirometer using a two way respiratory valve. Data 
recorded in the table are typical examples. Oral administration of 100 
mgm./kgm. of metrazol as a 5% solution in propylene glycol to rabbits anesthe- 
tized with pentobarbital sodium caused a slow progressive return to normal of 
botli respiratory rate and volume with complete arousal. Compound TT-52 
(1(X) mgm./kgm. as 5% propylene glycol solution orally administered) gave a 
considerably slower progressive rise in rate and volume for 30 minutes followed 
by a slight recession from the ma-ximum level attained. The only arousal effect 
noted was the return of the wink at peak effect. Oral administration of 50 
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TABLE 2 

Convulsanl, lethal and arousal doses 


COMPOUND NO. 

ANTMAL 

SOL\'ENT USED 

MlNniUM 

coN\msi\x 

DOSE 

MINDIUM 

LETHAL 

DOSE 

AiOUSAL TOLLOW- 
INC PENTOBAXBITAl 
ANESTHESIA, MINI- 
MAL SEQUIXED 

XOUTE or 
’ ADMINISTRA- 
TION 




tBfm./ifm. 

mgm./igm. 

mgm.lkgm. 


Metrazol 

Rat 

Water 

25 

50 

55-60 

I.P. 

Metrazol 

Rat 

Succinate 

35 

60 


lAI. 

Metrazol 

Rabbit 

Water 




I.V. 

Metrazol 

Rabbit 

Succinate 



75 

lAI. 

TT-1 

Rat 

Water 

30 

35 

100 

I.P. 

TT-1 

Rabbit 

Water 



40 

I.V. 

TT-7 

Rat 

Water 

10 

25 

50 

I.P. 

TT-7 

Rabbit 

Water 



15t 

I.V. 

TT-6 

Rat 

Water 

4 

8 

5-10 (I.P.) 

lAI. 

TT-6 

Rabbit 

Water 



5-10 

I.V. 

TT-6 

Dog 

Water 



10 

I.V. 

TT-011 

Rat 

Succinate 

3 

8 

15 

I.M. 

TT-012 

Rat 

Succinate 

750 

900 


I.M. 

TT-94 

Rat 

Succinate 

3 

5 

20 

I.M. 

TT-90 

Rat 

Succinate 

150 

200 


I.M. 

TT-87 

Rat 

Succinate 

*. •• 

1 


I.M. 

TT-15 

Rat 

Suocinatett 

t 



I.M. 

TT-8 

Rat 

Succinate 

600 



I.M. 

TT-54 

Rat 

Water 

• 



I.P. 

TT-11 

Rat 

Succinate 

« 



I.M. 

TT-63 

Rat 

Succinate 

t 



I.M. 

TT-64 

Rat 

Water 




I.P. 

TT-13 

Rat 

Succinate 




lAI. 

TT-52 

Rat 

Succinate 

300 

500 

600-700 

I.M. 

TT-55 

Rat 

Succinate 

* 



I.M. 

TT-57 

Rat 

Water 

* 



I.P. 

TT-22 

Rat 

Succinate 

500 



I.M. 

TT-4 

Rabbit 

Succinate 



150 (slight) 

lAI. 

TT-53 

Rat 

Water 

t 



I.P. 

TT-56 

Rat 

Succinate 

t 



I.M. 

TT-40 

Rat 


t 




TT-41 

Rat 


t 




TT-0102 

Rat 

Water 

300§ 

500 


EBI 


’Negative up to 1,000 mgm./kgin. 
t Negative up to 500 mgm./kgm. 

1 20 to 30 mgm./kgm. doses required for the animal to assume a sitting position. 

§ ^Cxed depression and convulsions. 

” Quieting and sedation, 
tt Succinate + 10% ethanol. 

developed, graded doses of the e.xperimental compounds were administered and the arousal 
effects noted. The criterion of arousal in rats was their ability to assume a crawling posi- 
tion, in rabbits and dogs, the ability to sit up and raise the head. The minimal doses re- 
quired to fulfill these criteria were determined. 

Certain compounds which showed considerable stimulatorj’ action in low doses and 
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appeared to have fairly low toxicity ere further studied for their ability to increase respi- 
ration depressed by morphine or pentobarbital sodium. Changes in minute volume and 
respiratory rate as compared with the normal were recorded after administration of pento- 
barbital sodium (35 mgm /kgm ) or morphine (3 mgm./kgm.) and subsequent administra- 
tion of the test compound, orally in propylene glycol solution or intravenously in aqueous 
solution. 

Results. A summary of the convulsive, arousal and toxic doses of tlie new 
compoimds is presented in table 2. 

The effectiveness as respiratoiy stimulants of several compounds which ex- 
hibited favorable action as arousal agents can be judged from the data in table 

TABLE 3 


Effect of oral administration oj tetrazole derivatives on respiration depressed with pentobarbital 

sodium 


TllCB ATTEA ASUIK- 
ISTItATIOH or 
sTnrtrtAKT (imi- 
nrs) 

KABBITS, 35 UCU /XOU PCHTOBAKBITAL SODIVU 

vocs 

Metrazol, 100 mgm / 
kgm 

TT-94, 50 tagtn /kgm 

TT-S2, 100 mgm / 
kgm 

' TT-94, SO mgm / 

kgm 

Resp vol 

Minute 

rate 

Resp vol 

Minute 

rate 

Resp vol 

Minute 

rate 

1 

Resp vol 

Minute 

rate 


ce /mtn 




cc /min 




(Normal) 

2,400 

124 


120 

1,700 




Depressed 

1 950 

46 

700 

44 

500 



24 

5 

1,100 

52 

1,050 

78 

400 



21 

10 

900 

48 

1,400 

72 

700 

26 


47 

15 

850 

46 



600 

32 



20 

1,100 

58 

1,000 

60 

600 

32 


48 

25 

1,150 

68 



1,000 

46 



30 

1,200 

76 

1,000 

60 

800 

38 


24 

35 

1,450 

78 



900 

42 



40 









45 

1,700 

104 



900 

44 



50 

1,750 

136 







55 

1,600 

132 



900 

44 



60 

1,700 

124 

1,050 

60 




24 


3. The effect of compounds TT-6, TT-94 and TT-52 on the respiratory rate and 
minute volume of rabbits or dogs under pentobarbital sodium or morphine 
depression was compared with metrazol as a standard. The minute volume was 
recorded by a calibrated spirometer using a two way respiratory valve. Data 
recorded in the table are typical examples. Oral administration of 1(K) 
mgm./kgm. of metrazol as a 5% solution in propylene glycol to rabbits anesthe- 
tized xvith pentobarbital sodium caused a slow progressive return to normal of 
both respiratory rate and volume with complete arousal. Compound TT-52 
(ioO mgm /kgm. as 5% propylene glycol solution orally administered) gave a 
considerably slower progressive rise in rate and volume for 30 minutes followed 
by a slight recession from the maximum level attained. The only arousal effect 
noted was the return of the wink at peak effect. Oral administration of 50 
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mgm./kgm. of compound TT-94: as a 5% solution in propylene glycol to rabbits 
xmder pentobarbital anesthesia caused the respiratory volume to rise rapidl}' to 
the normal level within 10 minutes but the respiratory rate failed to show a com- 
parable increase. After this peak of action, the rate and volmne dropped con- 
siderably so that the beneficial effects were dissipated at the end of an hour. 
Increasing the dose of compound TT-94 to 75 mgm./kgm. produced convulsions 
after 30 minutes. Similar effects were observed in a dog when compound TT-94 
was given orally (50 mgm./kgm. in 5% propylene glycol solution) after induction 
of pentobarbital sodium anesthesia. After 20 minutes there was a marked in- 
crease in respiratory rate; and muscular movements, vomiting and defecation 
were noted. After induction of pentobarbital sodium anesthesia in a dog the 
intramuscular injection of 10 mgm./kgm. of compound TT-6 caused a slight 

TABLE 4 


Effect of compound TT-6 on respiration of rabbits depressed with morphine 



iniE APTER 

ADMIKISTSATIOK Or DROC 

RESriRATORY RATE 

RESPIRATORS \OtUlIE 

Normal 

minutes 

ss 

cC‘/min. 

1,350 

Alorphine sulfate (3 mgm. 

5 

66 

1,700 

/kgm.) 

10 

48 

1,050 


15 

42 

850 


20 

42 

750 

TT-6 (0.5 mgm./kgm.) 

1 

110 

3,200 

I.V. 

5 

SS 

3,100 


10 

78 

2,950 


15 

76 



20 

66 

1,850 


40 

60 

1,475 


increase in respiratory rate and return of the wnk reflex. A second dose of 10 
mgm./kgm. of compound TT-6 given 20 minutes later caused a further increase 
in respiratory rate, but also produced convulsions which were controlled with 
pentobarbital sodium. 

In rabbits -svith respiration depressed by 3 mgm./kgm. of morphine sulfate 
intravenously, the administration of compound TT-6 (0.2 mgm./kgm. by vein) 
(see table 4) caused an immediate return of the respirator}' rate and volume to 
somewhat over the normal level. After 5 minutes, however, both rate and vol- 
mne had dropped to the low morphine level. Tliese results are comparable to 
the effects produced by a 2 mgm./kgm. intravenous dose of metrazol. A second 
dose of 0.5 mgm./kgm. of compound TT-6 in the same animal caused slight 
convulsions for 30 seconds. The respiratoiy volume increased to twice the nor- 
mal level, but had returned to the normal level after 20 minutes wliile the rate 
failed to rise, and after the 20 minute period was still considerably below the 
normal level. 
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Discussion. The results outlined and summarized above indicate that cer- 
tain changes in the pentamethylene tetrazole structure maj' greatly enhance its 
stimulatorj’- effects on the central nervous system. Although a great increase in 
the potency could be effected by structural changes, these were generally accom- 
panied by a decrease in the efficiency of the compounds as analeptics. Rather 
than widening the gap between convulsive dose and analeptic dose, the reverse 
has taken place. In no case does the general character of the action of these 
compounds show an improvement over that of the parent structure and in addi- 
tion, the valuable adjunct of water solubility has been sacrificed in most cases. 

The following changes in pharmacologic properties appear to be effected by 
alterations in the molecule: (a) the introduction of a single methyl group into 
the pentamethylene tetrazole structure caused increasing enhancement of the 
activity as the group is moved successively from position 6 and 7 to position 8. 
The solubility of the parent structure in water is greatly decreased by the intro- 
duction of a single methyl group, (b) Increasing the size of a single alkyl group 
in position 8 of the pentamethylene structure makes the resulting compound 
practically insoluble in water and has a mixed effect upon the pharmacologic 
action. Thus if the size of the substituent in position 8 is increased bj"^ the 
replacement of the hydrogen atoms of the substituent methyl group in compound 
TT-6 by additional methyl groups, the activity is further enhanced. F or instance 
the 8-isopropyl and 8-tert. butyl pentamethjdene tetrazoles are more active than 
the 8-methyl compound. On the other hand, simply increasing the size of the 
substituent in position 8 as by the introduction of a secondary butyl or tertiary 
amyl group causes a verj"^ marked decrease in activity, to the e.xtent that 8- 
cj’clohexyl pentamethylene tetrazole is actuallj’^ a depressant rather than a 
stimulant, (c) Introduction of a second alkjd group causes practically complete 
disappearance of the water solubility as well as profound reduction in the activity. 
Two exceptions should be noted. In compounds with a methyl group in position 
7 and various alkyl groups in position 9, no activity was noted as the size of the 
9-alkyl group was increased except in the case of the 9-isopropyl compound, 
where a moderate degree of analeptic and convulsant action was encountered 
(compound TT-52). flTien the isopropsd group was shifted to position 10 
(compound TT-22) some reduction of the activity was observed The effect 
of the isopropyl group in bestowing analeptic and convulsant activity upon these 
compounds whether as a single substituent or as a second substituent is note- 
worthy. The introduction of three methyl groups as substituents (compound 
TT-4) had only a slight effect; a moderate improvement in analeptic activity in 
rabbits over the dimethyl derivative (compound TT-15) was noted, (d) The 
introduction of a carboxji group, although it bestowed water solubility upon the 
compounds as sodium or potassium salts onl 5 ' caused further reduction of 
convulsant and analeptic activitj’. Evmn the methj'l esters of these acids failed 
to exhibit much activity although w'ater solubility was sacrificed (e) The 
formation of quatemarj- salts with methyl benzene sulfonate or with methyl 
iodide, although it bestowed water solubility on the compounds, markedly 
decreased their acti\it 3 -. The parent pentametliviene tetrazole (metrazol) 
became completely inactive (compounds TT-40 and TT-41) while the more 
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active 8 -tertiary butyl pentamenthylene tetrazole (compound TT-94) lost much 
of its activity when converted into the quaternary salt (compound TT-0102). 
This loss in activity may be due to an alteration in the relative solubilities of 
these compounds in water and fat solvents on conversion to quaternary salts. 

SUMMARY 

A few generalizations can be made from the data in Table 2. The introduc- 
tion of a single substituent, R 4 , into the pentamethjdene tetrazole structure mtU 
enhance the analeptic and convulsant activity of the parent substance only 
when the group is small, or closely packed as in the case of methyl, isopropyl or 
tert.butyl. Substitution of alkyl groups in positions other than Ri, di- and tri- 
substitutions, or the formation of quaternary salts decreased the activity of the 
compounds studied. The isopropyl group appeared to be unique in the latter 
groups, since in any given case it was generally associated with the most active 
compounds. None of the new compounds appears to have advantages over the 
parent compound when toxicity and solubility are considered. 
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In the first paper of this series (1), a group of pentamethyJene tetrazole deriva- 
tives was studied in an effort to determine their convulsant and analeptic actions 
as compared irith pentamethylene tetrazole. The second group of tetrazole 
derivatives, Muth which the present report is concerned, consists of derivatives of 
tetrazole in which a variety of alkyl groups or the phenjd group has been intro- 
duced at the only two possible points of substitution, in positions 1 and 5. 

Ri— N C— Rs 

1 

cN 

N 

3 

The structures of the substituted tetrazoles were varied systematically and an 
attempt was made to correlate the changes in chemical structure and phaimaco- 
logical activity. The schema for the systematic alteration of substituent groups 
is presented in table 1. Only five of these compounds have been previously 
described in the chemical literature, namely: TT-0148, TT-9, TT-21, TT-20 and 
TT-19 (2, 3, 4, 5, 6). No record of a description of the pharmacologic pro- 
perties of any of them appears to exist. Both the stimulatory and analeptic 
actions of twenty-five derivatives of tetrazole were determined and the results 
are siunmarized in table 2. 

Experimental. The techniques used in these studies were identical with 
those reported in the first paper of this series. 

Results. The results of a determination of the convulsant, arousal and toxic 
doses of these compounds are summarized in table 2. 

In several cases further studies uere carried out. The parent compound, 
tetrazole (TT-0148), when administered to rabbits under pentobarbital anesthe- 
sia in doses of 60 and 100 mgm./kgm. intraperitoneallj^ failed to cause any 
arousal. This result was not unexpected in view of the absence of stimulatory 
action in rats. 

The effect of two compounds on respiration was studied in some detail. The 
oral administration of TT-79, 50 mgm./kgm. as a 5% solution in propylene 
glycol to rabbits under pentobarbital anesthesia caused a progressive rise in 
respiratory rate and volume for 30 minutes at which time the animals were 
sitting up in a normal manner. Increasing the dose to 100 mgm./kgm. caused 

’ These compounds u ere prepared by E. Bilhuber, Inc. 
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no greater action. At either dosage level the recovery of respirator}"^ rate and 
volume was complete. Similarlj’^ an ora! dose of 50 mgm./kgm. of TT-18 in 5% 
propylene glycol solution caused a rapid rise in respiratorj' volume in a rabbit 
under pentobarbital anesthesia, recovery being complete in about 10 minutes. 
The respiratory rate, however, did not increase in the same degree. At the end 



TABLE 1 . 

Siruciural relationships 


T I! 

N N 

\ / 

N 

CO©X KO, 

Ri 

Ri 

TT-0148 

H 

H 

TT-9 

CH, 

CH, 

TT -020 

04119 (iso) 

CH, 

TT -10 

C4H9 (iso) 

C 4 HJ (iso) 

TT-21 

C.Ht 

CH, 

TT-27 

C.Hs 

C,H, 

TT47 

CeHfi 

C4H9 (iso) 

'rT44 

C.H5 

CjHii (cyolohexyl) 

TT-20 

C.Hs 

C.H, 

TT-19 

CH, 

CeH, 

TT-49 

CjHs 

C.H, 

TTA5 

C4HJ (iso) 

C,H, 

TTA 8 

C.H., 

C.H, 

TT-79 

C.H,. 

CH, 

TT-014 

C,H„ 

CHjOH 

TT-014 Ac 

C.H„ 

CH-OCOCH, 

TT-18 

CeHii 

C-H, 

TT-067 

C,H„ 

C,Hr (n) 

TT-071 

C,H„ 

C,H7 (iso) 

TT-073 

C.H., 

C4H9 (n) 

TT-17 

CeHu 

C^Hg (iso) 

TT-5 

C,H„ 

C,Hn 

TT-24 

CH, 

C.H., 

TT-14 

C 9 H 4 

C.H.. 

TT-51 

C4H9 (iso) 

C.H.. 

TT-09 

CsH, (cyclopentyl) 

CH, 


of an hour these beneficial effects seemed to dissipate. Doubling the dose did 
not appear to be effective in prolonging the action of the compound. Data 
shoving the effect of these two compounds are given in table 3. 

Discussion. Certain compounds in this group appear to exhibit central 
nenmus stimulation and analeptic action which would make them appear worthy 
of more extensive investigation. In spite of their insolubilitj' in water their 
actions appear promptly whether administered intramuscularly or orallj'. They 
compare favorably with metrazol in speed of action, potenci' and smoothness of 
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TABLE 2 


Convulsant, lethal and arousal doses 


COSIPOUND ^0.• 

AKXUAL 

itrviifrir 

COV\'CLSI\’E 

Dost 

uiKnnnt 

irXHAX. 

DOSE 

JMODSAI. TOL- 
DOWISG PEKTO- 
BAEBITAT. 
AKESTHESU, 
UtKnCAI. 
XEQUISED 

COiniEVT 



tns'm /ijm r 

rtgm /ksm 

mgm /kgm. 


TT-0148 

Rat 

No action 



Maximum dose used: 1000 






mgm./kgm. 

TT-9 

Rat 

Xo action 



Slight sedation above 750 






mgm./kgm. 

TT-020 

Rat 

40 

200 

350 


TT-IO 

Rat 

No action 




TT-21 

Rabbit 



100 

125 mgm./kgm. fatal 

TT-21 

Rat 

750 



Early sedation followed by 






latent restlessness, e.vcite- 






ment and muscle tremors 

TT-27 

Rat 

400 

700 


Doses less than 400 mgm./ 






kgm. slightly sedative. 






Lethal effect latent 

TT-47 

Rat 

No action 



Doses greater than 600 rog./ 






kgm. elightl}' sedative 

TT44 

Rat 

No action 



Maximum dose used: 750 






mgm./kgm. 

TT-20 





Not tested, insoluble in 






HOH and succinate 

TT-19 

Rat 

No action 



Doses above 300 mgm./ 


! 




kgm. slightly sedative 

TTAg 


No action 



Doses of 750 mgm./kgm. 


Rat I 



1 

' sedative but responds to 






1 stimuli 

TTAS 

Rat 

No action 



Maximum dose used: 800 






mgm./kgm. 

TT-48 

Rat 

No action 



AIa\imum dose used: 750 






mgm./kgm. 

TT-79 

Rat 

6 

50 



TT-79 

Rat 



75 


TT-79 

Rabbit 



50 


TT-014 

Rat ^ 

No action 



Maximum dose used; 500 






mgm /kgm. 

TT-OU Ac 

Rat 

No action 



Maximum dose used: 1,000 






mgm /kgm 

TT-18 

Rat 

200 

350 

500 


TT-067 

Rat 

No action 



Maximum dose used: 1,000 






mgm /kgm. 

TT-071 

Rat 

No action 



Maximum dose used: 1,000 






mgm./kgm. 

TT-073 

Rat 

No action 



Maximum dose used: 1,000 






mgm./kgm. 

TT-17 

Rat 

No action 



Maximum dose used: 500 


1 




mgm./kgm. 
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TABLE 2 — Continued 


COMPOTJKD NO.* 

ANIUAL 

UINTUmi 

COMVOLSIVE 

Dost 

utKumu 

LETHAL 

DOSE 

AEOnSALTOL- 
LOWINC TENTO- 
SAUXTAL 
ANESTHESIA, 
UIKIUAL 
3tEQVTK£D ^ 

COUMENT 



m^m./kgm. 

mim./kim. 

mgm./kgm. 


TT-5 

Rat 

No action 



^laximum dose used: 500 






tngm./kgm. 

TT.24 

Rat 

350 

600 



TT-14 

Rat 

No action 



Doses of 500 mgm./kgm. 



1 



up: slight sedation 






and ataxia 

TT-51 

Rat 

No action 



Doses of 200 mgm./kgm. 






Ond up : slight sedation 

TT-09 

Rat 

150 

400 

1,000 

Lethal effect latent 


• Compounds TT-0148 and TT-9 given in aqueous solution; others in dibutyl suc- 
cinate Bolution.t 

t Aqueous solutions given intraperitoneally, dibutyl succinate solutions given intra- 
muscularly. 

TABLE 3 


JtABBITS 


TOCE ATTER 

ADU3NXSTRAT10N OF STnCUlANT 
(UINTJTES) 

TT-18, SO mgm./ 
kgm. 

TT-18, 100 mgm./ 

kgm. 

50 mgm./ 

kgm. 

TT-"9, 100 msm./ 
kgm. 

Kesp. 

vol. 

Mioute 

rale 

Resp. 

vol. 

Minute 

rate 

Resp^ 

vol. 

Minute 

rate 

Resp. 

\ol. 

Minute 

rate 


ce./fntn. 


(e./min. 




ce.lntin. 


(Normal) 

2,200 

144 

1,800 

158 

1,550 

148 

1,800 

154 




1,600 

128 





Anesthesia administered 









1 (min. after) 

1,500 

52 

750 

52 

600 

42 

950 

44 

4 (min. after) 

800 

40 

650 

40 

55Q 

38 



Stimulant administered 



! 






5 

1,600 

72 

1,350 

62 

75Q 

48 

1,250 

60 

10 

1,600 

94 

1,000 

58 

1,050 

88 

1,450 

84 

15 

1,600 

74 

800 

54 

1,000 

' 88 

1,500 

70 

20 

1,300 

64 





1,300 

70 

25 





1,150 

96 



30 



900 

50 





35 

1,200 

76 







40 



1,100 

72 

1,350 

lOS 

1,400 

122 

45 









50 

900 

56 







55 









60 



800 

64 

1,600 

156 





arousal, and generally appear to be longer acting. Further investigations of 
these compounds tvill form the subject of a later report. 

Inspection of the data recorded in table 2 indicates certain.,jdationships 
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between changes in chemical stracture and pharmacologic action which can be 
represented schematically below: 

H— N C— H 

I 1! 

N K 

% / 

N 


CH,— N- 


N 


N 

TT-19t 


-O— C.Hs 

II 

N < 


C,H5— N- 


N N 

\ / 

N 

TT-21§ 

I 


CtHs-N- 


TT.0148* 
CH,— N 


-C— CH, 


CH,— N- 


-C— C.H„ 


N N 

\ / 

N 

TT-9t 

i 


-C— CH, (isolC.H,— N- 


N N 

\ / 

N 

TT4)20§ 

I 


N N 

\ / 

N 

TT-245 

i 


-C— CH, C,H,.— N- 


-C— CH, 


N N 

\ / 

N 

TT-795 

I 


-C— C,H, C,Hu— N- 


— C— CH, C.Hu— N-- 


-C— C,H, 


N N 

\ / 

N 

TT-27t 


K N 

\ / 

N 

TT-09§ 


N N 

\ / 

N 

TT-18§ 


Arrows indicate direction of increased stimulatory action 
* Inactive 
t Sedative 

t Sedation followed by stimulation as dose is increased 
§ Stimulation 


In the schematic representation above it should be observed that the parent 
compound, tetrazole (TT-0148), showed no central nenmus action, either stimula- 
tory or depressant. Introduction of methyl groups into the 1 and 5 positions 
endowed the resulting compound, TT-9, ivith depressant properties. Further 
modification of the structure by replacing the methyl group in position 1 with a 
phenyl group (TT-21) led to a compound having mild stimulatory action, w'hile 
transposition of the phenyl and methyl groups ((TT-19) resulted in a w^eakly 
depressant compound. On the other hand, if either of the methyl groups of TT-9 
was replaced by a cyclohevyl group, a relatively potent stimulant resulted 
(TT-79, l-cyclohexyl-5-methyl tetrazol and its position isomer, TT-24). The 
former exhibited stimulatoiy action of a much higher order than the latter. 
Likewise replacement of the methyl group in position 1 of TT-9 by an iso-butyl 
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group (TT-020), or a cyclopentyl group (TT-09) bestowed profound stimulatory 
action on tbe resulting compounds. Thus far it would appear that increasing 
the size of the substituent in position 1 of the tetrazole ring markedly increased 
the stimulatory actmty of the resulting compound. 

If in a given case, for instance TT-79, the size of the substituent in position 5 
was increased, a decrease in stimulatory action followed as in the case of TT-18 
which differed from TT-79 by the replacement of the meth}'! group in the latter 
with an ethyl group. Further increase in the size of the substituent either bj' 
lengthening or branching the chain (TT-067, TT-071, TT-073, TT-17) or by 
introducing a second cyclic structure ((TT-5, TT-48) caused complete loss of 
activity. Similar trends appear when data for other related groups in table 2 
are considered. Thus it would appear that the conditions leading to optimum 
stimulatorj’^ action are the presence of a relatively large group, cj’clic or open 
chain, in position 1 and a small group, methyl or ethyl, in position 5. Reversal 
of the position of the substituents leads to a marked decrease of stimulatory' 
activity and even to reversal of action from stimulatory' to depressant in weakly 
active compounds. 

It is noteworthy that the replacement of the methy'l group in the highly active 
TT-79 by a hydroxy-methyl group as in TT-014 completely destroy'ed the acti- 
vity of the resulting product. Covering the alcoholic hy'droxyl group by esterifi- 
cation with acetic acid (TT-014 Ac) failed to restore the stimulatory' action. 

The conditions leading to enhancement of stimulatory activity are in certain 
respects reminiscent of the conditions leading to maximum depressant action in 
the barbituric acid group. There the optimum effect is obsen'ed within narrow 
limits of the combined size of the two substituents on the methy'lene carbon. 
In the tetrazole series, the combined size of the substituents in positions 1 and 5 
seems to reach a limiting value for optimum stimulatory' activity. In general 
the requirements seem to be a moderately large group in position 1 and a small 
group in position 5. Groups of equal size, even when their combined size is near 
the optimum value, do not appear to produce the optimum effect. The approxi- 
mate equivalence of the isobutyl, cyclopenty'l and cyclohexyl groups in position 
1 is of interest. 


SUMMARY 

The action of a group of 1,5-disubstituted tetrazole derivatives on the central 
nervous system has been studied. Both stimulatoiy and depressant effects have 
been observed. Certain relationships between chemical structure and pharmaco- 
logic action have become apparent. The optimum structural factors for maxi- 
mum stimulatory action appear to be the presence of a relatively large 
saturated cyclic or open chain aliphatic group in position 1 and a small group, 
preferably methy'l, in the 5 position of the tetrazole ring system. Several 
compounds in the group, namely l-cyclohe.xy'l-5-methy'l tetrazole (TT-79), 
l-cyclohe.xy'l-5-ethy'l tetrazole (TT-18), l-cyclopenty'l-5-methyl tetrazole (TT- 
09) and l-isobutyl-5-methyl tetrazole (TT-020) are outstanding in their stimu- 
lator^' effects and deserve further investigation. 
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group (TT-020), or a cyclopentyl group (TT-09) bestowed profound stimulator}’ 
action on the resulting compounds. Thus far it would appear that increasing 
the size of the substituent in position 1 of the tetrazole ring markedly increased 
the stimulator}’ activity of the resulting compound. 

If in a given case, for instance TT-79, the size of the substituent in position 5 
was increased, a decrease in stimulatory action followed as in the case of TT-18 
which differed from TT-79 by the replacement of the methyl group in the latter 
with an ethyl group. Further increase in the size of the substituent either by 
lengthening or branching the chain (TT-067, TT-071, TT-073, TT-17) or by 
introducing a second cyclic structure ((TT-5, TT-48) caused complete loss of 
actmty. Similar trends appear when data for other related groups in table 2 
are considered. Thus it would appear that the conditions leading to optimum 
stimulatory action are the presence of a relatively large group, cyclic or open 
chain, in position 1 and a small group, methyl or ethyl, in position 5. Keversal 
of the position of the substituents leads to a marked decrease of stimulatory 
activity and even to reversal of action from stimulatory to depressant in weakly 
active compoimds. 

It is noteworthy that the replacement of the methyl group in the highl}’ active 
TT-79 by a hydroxy-methyl group as in TT-014 completely destroyed the acti- 
vity of the resulting product. Covering the alcoholic hydroxyl group by esterifi- 
cation with acetic acid (TT-014 Ac) failed to restore the stimulator}’ action. 

The conditions leading to enhancement of stimulator}’ activity are in certain 
respects reminiscent of the conditions leading to maximiun depressant action in 
the barbituric acid group. There the optimum effect is obserr’ed witliin narrow 
limits of the combined size of the two substituents on the methylene carbon. 
In the tetrazole series, the combined size of the substituents in positions 1 and 5 
seems to reach a limiting value for optimum stimulator}’ actmty. In general 
the requirements seem to be a moderately large group in position 1 and a small 
group in position 5. Groups of equal size, even when tlieir combined size is near 
the optimum value, do not appear to produce the optimum effect. The approxi- 
mate equivalence of the isobutyl, cyclopentyl and cyclohexyl groups in position 
1 is of interest. 


SUMMARY 

The action of a group of 1 , 5-disubstituted tetrazole derivatives on the central 
nervous system has been studied. Both stimulatory and depressant effects have 
been observed. Certain relationsliips between chemical structure and pharmaco- 
logic action have become apparent. The optimum structural factors for ma.xi- 
miim stimulatory action appear to be the presence of a relatively large 
saturated cyclic or open chain aliphatic group in position 1 and a small group, 
preferably methyl, in the 5 position of the tetrazole ring system. Several 
compounds in the group, namely l-cyclohexyl-S-methyl tetrazole (TT-79), 
l-cyclohex}’l-5-ethyl tetrazole (TT-18), l-cyclopentyl-5-methyl tetrazole (TT- 
09) and l-isobutyl-5-methyl tetrazole (TT-020) are outstanding in their stimu- 
lator}’ effects and deserve further investigation. 
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A cyclic change in the histochemical stracture of the rat kidney synchronized 
with the estrous cycle has been recently described (1). As determined by the 
fuchsin sulfurous acid' reaction, the tissue aldehydes in the intercortico-meduUary 
(ICM) zone of the female rat kidney increase in the estrous phase of the cycle 
and tend to decrease or disappear in the diestrous or resting phase of the cycle 
and during pregnancy. It was obsen'ed that administration of testosterone 
exerts an aldehyde depositing influence and that estrogenic substances and 
progesterone effect an aldehyde depletion in the kidney (2). 

With this phenomenon established, demonstrating for the first time a decided 
histochemical difference between female and male rat kidneys, a question pre- 
sented itself regarding the specificity of the sex hormones on the aldehyde shift 
and the specificity of the fuchsin sulfurous acid reagent for the detection of 
aldehydes. The present investigation is concerned ■noth a study of these 
problems. 

Experimentai,. Frozen sections 50 micrn in thickness were cut from the fresh unfi.'ied 
kidneys of the various rats used. The sections were treated with a 1% solution of HgCh 
for five minutes to liberate the bound aldehydes, washed in physiological saline and placed 
in a solution of fuchsin sulfurous acid (FSA). Free aldehydes present in the sections 
attained a maximum purple color after fifteen minutes contact. 

All animals were maintained on a normal mixed diet enriched with vitamins. Steroids 
for injection were suspended in peanut oil and injected intramuscularly, with the exception 
of methyl testosterone which was administered orally. Diethylstilbestrol was fed in 1 mgm. 
doses dissolved in peanut oil and was given to the animals for at least seven successive days. 
This procedure assures a complete disappearance of the tissue aldehydes in the ICM zone of 
the kidney. The actual tests were begun at least one week after the last feeding of diethyl- 
stilbestrol to eliminate any possible interference by this estrogen. 

As in previous publications (1, 2), a system of — and -F is once more utilized to designate 
the degree of stainability of the kidney ICM zone and so to indicate the absence or presence 

of tissue aldehydes in this area. A ICM zone, a pale band in the stained section, is 

lacking in stainnblc tissue aldehydes, while a -F -F zone is deeply stained and indicates the 
presence of a large amount of these substances. Varying combinations of — and -F are used 
to designate the intermediate degrees of stainability of the ICM zone. 

Results and discussion. Spccifidlij of sex hormones on the tissue aldehyde 
shift in the rat fiidney. We were greatly interested in knowing if the described 
aldehyde shift could also he obtained by administration of androsterone deriva- 

1 Delivered in part before the Section of Biological Chemistry of the American Chemical 
Society at its semiannual meeting, .Atlantic City, New Jersey, .April, 1946. 
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tives. Five derivatives with greater or lesser androgenic activity were admin- 
istered to ovariectomized rats, the kidneys of which had been previously depleted 
of aldehydes by feeding diethylstilbestrol, 1 mgm. in 0.1 cc. peanut oil, for seven 
successive days. 

Table 1 shows the effects of these steroids on the kidneys. Each androsterone 
derivative, testosterone propionate, methyl testosterone, methyl androstendiol, 
dehydroandrosterone acetate, androstendiol and androstendione, was found to 
exhibit a tendency, in varying degrees, toward depositing tissue aldehydes in the 
ICM zones of the kidneys. Pregnenolone did not augment the stainabilit 3 ’- of 

TABLE 1 


The effect of certain androgenic steroids on the intercortico-meduUary zones of castrated rats 
pretreated with diethylstilbestrol 


OT 

JUTS 

lOI 

ZONT, L 
KID'TEV* 

SUBSTANCE C1%’ES 

OaSER- 

\AT10V 

PEtlOD 

uosage 

ADMINISTEA- 

TlOJl 

10.1 
ZONE, R. 
JCIDNEY 

4 


Peanut oil 

days 

11 

0 3 cc. 

10 I M. 

__ 

2 

— 

Testosterone propionate 

11 

3.0 mg. 

AIM. 

++ 

5 

— 

Testosterone propionate 

11 

3 0 mg. 

3 I.M. 


2 

— 

Testosterone propionate 

20 

3.0 mg. 

3 I M. 

++ 

2 

— 

Testosterone propionate 

11 

3 0 mg. 

1 I.M 

-b-t- 

2 

— 

Methyl testosterone 

11 

3.0 mg. 

10 ora! 

(-)(+) 

2 

— 

Methyl testosterone 

mm 

9.0 mg. 

' 9 oral 

+ + 

2 

— 

Methyl androstendiol 

10 

9.0 mg. 

SIM 

++ 

2 


Dehydroandrosterone acetate 

mm 

9.0 mg. 

SIM. 

(+)+ 

2 


Androstendiol 

11 

3.0 mg. 

10 I.M 

-(+) 

2 

— 

Androstendiol 

mm 

9.0 mg. 

8 I.M. 

-+ 

2 

— 

Androstendione 

11 

3 0 mg. 

10 I.M. 

-(.+) 

2 

— 

Androstendione 

HI 

9 0 mg. 

8 I.M. 

-1+) 

2 

— 

Pregnenolone 

11 

3.0 mg 

10 I M. 

-(-) 

2 


21-Aceto\ypregnenolone 


9 0 mg. 

9 IM. 

— 


* 7 days pretreatment with Diethylstilbestrol, 1 mg. 
t Untreated. 


the zone, and 21-acetoxypregnenolone decreased the stainahilitj’' from -b-i- to 

It was found that as little as one injection of 3 mgm. testosteronepropionate 
suffices to render a previous^ negative ICM zone positive, observed eleven days 
later. It would seem that the phenomenon can be measured quantitatively, 
as far as the amount and effectiveness of the administered compoimd is con- 
cerned. Three mgm. of methyl testosterone daily for ten days effected almost 
no change, whereas 9 mgm. daily for nine daj's achieved the same effect as 3 
mgm . testosterone propionate. This 3 : 1 ratio has also been establishfed in testing 
the androgenic activitj' of these compounds bj' other methods (3). If this same 
gradient of acth’itj'- is maintained in other androgenic substances, it is quite 
possible that the phenomenon of the tissue aldehj'de shift might be used for the 
assay of androgenic actmU'. 
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It was thought that stimulation of general metabolic activitj- might bring 
about an increase in the tissue aldehj'de content of the kidnfe}’ ICM zone. 
Table 2 summarizes the results of this second series of e.xperiments. Animals 
were again pretreated with diethjdstilbestrol, then subjected to elevated tem- 
peratures of from 32° to 40°C. continuouslj' for five days. No changes in the 
aldehyde content of the ICM zones were noted. Verne (4) stated that the h5’per- 
thermia resulting from injections of dinitrophenol in dogs brought about a 
greater aldehyde deposition in the kidnej'S by utilization of fat deposits. Using 
rats, we could not confirm his results. Injection of foreign protein (staphylo- 
coccus toxoid), thyroxine, and adrenaline in oil, 1:500, were likeMse without 
effect in augmenting the aldehj'de content of the zone. 

The action of some compounds known for their specific action on secretion of 
urine by the kidnej' was investigated with a third group of rats. The results are 

TABLE 2 


The effect of cerlain mciabolically-aclive drugs and procedure on the intcrcortico-mcdullary 

zone of the rat kidney 


NO. OF 
KATS 1 

ICM 

ZONT, L. 
KIDNEY* 1 

SUBSTANCE GIVEN 

OBSEE* 

VATION 

PERIOD 

DAirV POSACE 

ADMINISTR-A- 

TION 

lOI 

ZO.VE, S. 
KID.VEY 

2 

2 

— 

Subjected to temp. 32°-}0'’C. 

days 

16 

5 


continuous 

— 

2 

— 

1% dinitrophenol sodium 

11 

0.15 cc. 

' S.C. 

— 

i 

— 

1% dinitrophenol sodium 

15 

0.15 cc. 

S.C. 

i 

2 

— 

Staphylococcus toxoid 

15 

0.10 cc. 

I.M. 

1 

2 

— 

Thyroxine 


0.33 mg. 

I.M. 

— 

2 

— 

Adrenalin in oil 1:500 

9 1 

0.25 cc. 

I.M. 



* 7 days pretreatment with Diethyletilbestrol, 1 mg. 


summarized in table 3. Pitression tannate was selected as representative of an 
antidiuretic substance. Dosages as high as 0.5 to 1.0 unit per da}’’ were without 
effeet on the tissue aldehydes of the ICM zone. It was necessary to administer a 
dose of 2.5 units per day for nine daj’s, an e.xtremely high dose, to effect a 
diminution of the stainability of this zone. It was assumed that this effect is 
due to a suppression of the normally produced testosterone in the animals, which 
were normal males in this case. 

Injections of digitalis and of Mercupurin were ineffective in the dosages given. 
Theobromine and the various chlorides of sodiimi, ammonium and calcium, 
incorporated in the drinking water, also had no effect either in animals ■\r-ith al- 
dehyde depleted or intact ICM zones. 

Specificity of the fuchsin sulfiirotts acid reaction on aldehydes. One may be 
tempted to question the nature of the substance wliich is stained ■\\’ith jFS.A. 
Perhaps the}’ are not tissue aldehydes, but the products originally injected into 
the animals. It has been stated that some specific ketones -n-ill give a positive 
reaction -n-ith fuchsin sulfurous acid (5). Because of the implications of tins 
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statement in the present work, the specificity of the FSA reagent for aldehydes 
has been reinvestigated. 

Feulgen (6) assumed that the reddish color given by acetone with FSA was not 
identical with the purple color obtained with aldeh 5 ^des and therefore named this 
type of reaction “pseudoreaction.” Oster and Mulinos (7) demonstrated that 
the purple tissue aldehyde-FSA reaction product could be decolorized with 
alkalis and restored to its original color intensit}' with acids. In this manner the 
reaction product behaved as an indicator for strong alkali or acid reaction. This 
observation has been utilized as a test for true aldehyde-FSA reactions. 

TABLE 3 


The efecl of aniidivrelic and diuretic compounds on the inlercorlico-medullary zone of the 

rat kidney 


H 

< 

M 

O 

6 

z 

SEX 

ICM 

ZONE, L. 
SIDNEY 

SUBSTANCE GIVEN 

z 

o 

5 o 
$2 

U ft 

U H 
gB. 

o 

dahy dosage 

ADinNlSTEA- 

TION 

ICXI ZONE, B. 
KIDNEY 

1 

m 

++ 

Pitressin tannate in oil 

days 

15 

0.5 un. 

12 i.ai. 

++ 

2 

m 

++ 

Pitressin tannate in oil 

IS 

1.0 un. 

12 I.M. 

-f-t- 

2 

m 

-f-t- 

Pitressin tannate in oil 

11 

2.5 un. 

9 I.M. 

(-)(+) 

2 

in 

-h-f 

Digitalis 

10 

0.5 cat un. 

9 I.M. 

1 H — h 

2 

m 

++ 

klercupurin 

3f 

0.25 cc. 

3 I.M. 

++ 

2 

m* 

++ 

Theobromine-sodium sali- 

14 

2 mg./cc. 

In drinking 

++ 

2 

m* 

-(+) 

cylate 

Theobromine-sodium sali- 

14 

2 mg./cc. 

water 

In drinking 

-(+} 

3 

I* 

or 

cylate i 

Sodium chloride 

15 

1% aq. 

water 

In .drinking 

No change 

3 

f* 

++ 
or 

Ammonium chloride 

15 

1% aq. 

water 

In drinking 

No change 

3 

f* 

++ 
or 

Calcium chloride 

15 

1% aq. 

water 

In drinking 

No change 


1 

H — h 




water 



* Castrated, 
t Died. 


Phenylacetaldehyde, heptylaldehyde anf formaldehyde, as representatives 
of aromatic and aliphatic aldehydes, gave in vitro the typical purple aldehyde- 
FSA reaction. Addition of NaOH resulted in declorization and HCl in recolori- 
zation of the FSA-aldehyde addition product. Aliphatic ketones such as acetone, 
methyl ethyl ketone and methyl isobutyl ketone, on the other hand, which gave 
a reddish coloration uith FSA, are not reconstituted to their original color by 
successive alkalinization and acidification. The final solution remains colorless. 
If one treats acetone with 1 N HCl, the red colorization nnth FSA does not appear 
at all. The same procedure is without an 3 ' influence, however, on the FSA 
reaction product obtained with e.g., formaldehj'de. Acetophenone, a tj’pical 
aromatic ketone, effected no reaction whatever with the Schiff’s reagent. With- 
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out going into the theor}”^ behind these observations, ivhich maj’' touch on the enol 
configuration of ketones, the authors regard the alkali-acid test or the acid treats 
ment of ketones as decisive against the argument that ketones give the same 
reaction with F3A as do aldehydes. 

Verne (8) has stated that pure oleic acid does not react with FSA, but that a 
reaction can be obtained only after shaking the substance in air. Lison (9), on 
the other hand, obtained a positive reaction with oleic acid. He tested for the 
absence of aldehj^des b 3 ' using an ammoniacal solution of silver h 3 'droxide 
(Tollen’s Reagent), a test which is not sufficiently fine to detect the minute 
quantities of aldehydes which would normally give a positive FSA reaction. 
Oleic acid was tested by us for its reaction mth FSA. We could confirm Verne’s 
finding (8) that this compound does not give a positive reaction. Onl 3 ' after 
simple oxidation with air does the reaction become positive. According to 
Bloor (10), peroxides are formed in oleic acid which break down to aldeh 3 'des, a 
reaction induced even by e.xposure to light. Lison (9) further states that cinnapiic 
acid gives a positive FSA reaction. Once more his findings could not be 
duplicated. 

Using phenylhydrazine as reagent, a group of investigators has postulated the 
presence of ketosteroids in the exact locations where tissue aldehydes have been 
demonstrated. The validity of this original work by Bennett (11) on the adrenal 
cortex was challenged by Gomori (12). Verne (8), Motta (13) and Becher (14) 
demonstrated the presence of aldeh 3 ’^des in Leydig’s interstitial cells of the testis 
and in the ovarian corpus luteum. Pollock (15) and Dempsey and Bassett (16) 
found phen 3 dhydrazine stainable substances in the identical locations. The 
latter authors claimed them to be ketosteroids. 

Citing unpublished experiments, Dempse 3 '’ and Wislocki (17) argue that FSA 
reacts with certain steroids. Therefore, an alcoholic solution of each of the 
steroids used for injection in the present and previous papers b 3 ’^ the authors was 
subjected to an in ^dt^o test with FSA. The group included both keto- and non 
ketosteroids. None of them reacted in any wa 3 '^ with the reagent. Furthermore, 
the androgenic steroids devoid of keto groups e.xerted the same aldeh 3 'de deposit- 
ing influence as those with a keto group. Conversel 3 q progesterone, which is a 
ketosteroid, consistent^' effected an aldehyde depletion in the ICM zone. 

Dempse 3 ' and Wislocki (17) base their conclusions mainl 3 ' on the work of 
Lison (9), who claims to have found that positive reactions with FSA could be 
obtained not onl 3 ' wth aldehydes, but also ndth certain ketones and even mth 
some unsaturated compounds containing no carbon 3 'l group whatsoever. Fol- 
lomog the e.\periments of this author, Dempse 3 ' and Wislocki conclude “that 
these reactions commonly emplo 3 'ed to detect aldeh 3 'des are not capable of 
differentiating between aldehydes and ketosteroids.” Because of the apparent 
discrepancies in the interpretation of factual findings, some of the ketones and 
unsaturated compounds mentioned b 3 ' Lison (9) were therefore tested b 3 ' us for 
their reaction with FSA. His results could not be confirmed. 

Without citing additional accumulated e^'idence, the authors feel secure in 
concluding that the fuchsin sulfurous acid reaction in tissue sections is given 
specificall 3 ' by compounds containing the aldehyde group. Vffien found in tis- 
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sues, these substances iv ere called tissue aldehydes (2) . The reaction is not given 
by ketosteroids, as claimed by Dempsej' and 1^^slocki (17). By the same 
argument v e believe, in agreement with Gomori (12), that the phenylhydrazones 
obtained by these authors in tissue sections are formed bj’ the tissue aldeh 3 'des 
and not by ketosteroids and that their findings should be reinterpreted accord- 
inglj'. Nevertheless, this interpretation should not be so construed as to deny 
the possible presence of such ketosteroids in the investigated glandular structures. 
It is merely the Wstochemical demonstration of these substances which is made 
doubtful by the methods employed. In quantitative terms also the preponder- 
ance of tissue aldehj'des in the identical locations of the ketosteroids would make 
their selective demonstration highly improbable. 

CONCLUSIONS 

In summarizing these results, it should be emphasized that the disappearance 
and reappearance of the tissue aldehydes in the intercortico-medullary zone of the 
rat kidney is governed by the balance of sex hormones. Male sex hormones 
would seem to be specific for depositing aldehydes and female sex hormones for 
depleting the aldehydes. Furthermore, we find that the tissue substances 
stainable with FSA must be aldehydes and not ketosteroids, citing alkaline 
decoloiization and acid recoloiization as evidence. One should not overlook 
the chance that there might be an intermediary product formed in the metab- 
olism of androgenic steroids of aldehydic nature which could give rise to a 
reaction with ESA. Nevertheless, the possibility of this occurence does seem 
slim, since excretion of such a product should take place relatively quickly in 
comparison with the portracted maintenance of the stainable ICM zones after 
one testosterone propionate injection. Grevenstuk (18) has reported an in- 
ability to demonstrate FSA stainable substances in normal urine even after its 
concentration in vacuo. 

It is the belief of the authors, therefore, that the substances giving the observed 
shift in the ICM zones of the rat kidney are true aldehj'des arising in the metab- 
olism of the cell on stimulation by the sex hormones. Only such fatty aldehydes 
as stearal and palmital have been thus far isolated from tissues. Hon ever, other 
aldehj'dic compounds of different chemical nature maj’ also be present. 

SUMMARY 

1 . Various influences n ere tested for their possible effect on the tissue aldehj'de 
content of the rat kidney intercortico-meduUar}’ zone, administration of andro- 
gemc substances, of antidiuretic and diuretic compounds, of certain electrolytes 
and stimulation of metabolism. Of these, only androgens effect a deposition of 
tissue aldehydes in the aldehj'de depleted ICM zone. 

2. By utilizing the procedure of successive alkahnization and acidification, or 
acidification alone, proof has been offered that the FSA stainable substances in 
tissues are true tissue aldehydes and not ketones 

3. The n ork of a group of investigators using phenj Ihj drazine to demonstrate 
ketosteroids in tissues maj" be reinterpreted in the light of the present findings. 
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ANILIDES» 
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In the course of studies- on the antimalarial properties of various sulfanilamide 
derivatives, a series of sulfanilanUides was synthesized. These compounds with 
a variety of substituents at the 2', 3', 4', 5', or 6' positions had the general 
structure indicated below, 

H,N-<( )>-SO.NH-< ^> > 

Marshall and coworkers (1, 2) who studied the activities of these sidfanilan- 
ilides against experimental infections with Plasmodium lophurae, found that at 
least two of the more promising derivatives (3',S'-dibromosulfanilanUide and 
3',5'-dichlorosulfanilanilide) were distinguished from sulfonamides in common 
use by the fact that their antimalarial activities were not blocked by p-amino- 
benzoic acid. This finding, coupled with the vddespread interest in treatment of 
infected war wounds and the common belief that necrotic tissue in such wounds 
abounds in sulfonamide inactivating substances (possibly p-aminobenzoic acid) 
suggested the desirability of exploring the antibacterial properties of these 
sulfanilanilides and the influence of p-aminobenzoic acid and tissue breakdown 
products thereon. Thirty-two of the sulfanilaiulide derivatives were made 
available for this work. All of these compounds were studied in a cursory 
matmer for actmty against representative gram-positive and gram-negative 
bacteria and for their response to p-aminobenzoic acid. A detailed study was 
made of the properties of one of the most active compounds. The results of these 
investigations are described here. 

I. A SURVEY OF THE CHEMOTHERAPEUTIC PROPERTIES OF A GROUP OF SULFANILANIEIDES. 

Methods. The following experiments were designed to determine the in vivo and in vitro 
nativities of the sulfanilanilides against representative species of gram-positive cocci and 
gram-negative bacilli and to determine the effects of p-aminobenzoic acid on the in vitro 
activities. These studies were carried out in the manner of a screening program and were 
not in any sense designed to explore the antibacterial activities of all the sulfanilanilides 
exhaustively. 

The test organisms used were pneumococci and Friedlander’s bacilli. These organisms 


'The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Institute of Medical Research, The Christ Hospital. 

' These studies were carried out by various groups of inx-estigators under the direction, of 
the Board for the Coordination of Malarial Studies, Division of Medical Sciences, Xational 
Research Council. The results will be summarized in a forthcoming monograph entitled 
A Siinc!/ of Antimalarial Drugs. edited by F. Y. V/iselogle and published by 

Edwards Brothers, Inc , .Vnn Arbor, ^lichigan. x 
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were chosen because they were the only species of gram-positive cocci and gram-negative 
bacilli available which could be studied satisfactorily in both in vivo and in vitro tests. The 
specific organisms emplojmd were the AIcGovern strain of type I pneumococcus and the GH 
strain of type A Friedlander’s bacillus, strains which have been used in this laboratory for 
many years. 

Determination of in vitro activity. The techniques of carrying out these tests have been 
described in detail in an earlier publication (3). The following are the essential features. 
Beef heart infusion broth (4) (enriched with 2 per cent freshly drawn defibrinafed rabbit 
blood on the da}’ prior to inoculation) was used as the basal medium for the tests with 
pneumococci; a synthetic medium (5), fortified with 0.1 per cent casein hydrolysate 
(SMACO — vitamin free), was used for the tests with Friedlander’s bacilli. Wherever 
possible, an 89 mgm. per cent solution of the test compound was prepared in these basal 
media. This solution was diluted serially with equal volumes of the medium to give the 
desired range of drug concentrations; these were tubed in 9 ml. quantities, autocIaTCd at 
115°C. for IS minutes and stored in the refrigerator until used. IVhen the inoculum, con- 
tained in 1 ml. of basal medium, was added to each tube, the final concentrations of drug in 
the beef heart medium were 80, 40, 20, 10, 5, 2.5, 1.25, 0.6, and 0.3 mgm. per cent. The final 
drug concentrations in the semi-synthetic medium were 0.15, 0.08, 0.04, 0.02, and 0.01 mgm. 
per cent, and those concentrations listed above. IVhen sulfanilanilides were encountered 
whose solubilities were less than 89 mgm. per cent, which was frequently the case, the 
highest concentration in the above series at which complete solution was obtained was used 
for further serial dilution. 

In the test procedure pneumococci or Friedlander’s bacilli, obtained from mouse passage 
cultures, were subcultured twice at 12-hour intervals in the appropriate basal medium, the 
second subculture being used as the source of the inoculum. A KF* dilution of this subcul- 
ture was prepared in basal medium, and 1 ml. of this diluted culture was added to each 
tube of test medium. The number of organisms in this inoculum was determined by 
plate counts. Visual estimations of growth were made after 12, 24, and 48 hours incubation 
at 37.5°C. All in vitro tests with new compoimds were controlled by simultaneous tests 
with the drugs of reference, sulfanilamide, sulfadiazine and sulfathiazole. 

Determination of in vivo activity. . The in vivo activities of the sulfanilanilides were 
evaluated roughly in terms of the activities of sulfanilamide and sulfadiazine. White mice, 
all of the same stock strain and weighing 14-17 grams, were infected intraperitoneally. In 
the case of the pneumococci, the infecting dose (nppro.vimately 400 organisms) was 1 ml. of a 
10~® dilution in broth of a 12-14 hour blood broth culture prepared from the heart blood of a 
passage mouse. With the Friedlander’s bacilli, the infecting dose (appro.ximately 10,000 
organisms) was 1 ml. of a 2 X 10“* dilution in broth of a 12-14 hour blood broth culture, 
similar to that described above. In the case of either infection, groups of 15 animals re- 
ceived standard doses of the test compound or of the reference drugs, sulfanilamide and 
sulfadiazine. These doses (2.5 mgm. in pneumococcal infections and 0.5 mgm. in Fried- 
lander’s bacillus infections), suspended in 0.2 ml. of a 10 per cent solution of gum acacia, 
were administered via stomach tube 2, 8, and 14 hours after infection and every 8 hours 
thereafter for 5 additional days, if the mice surrived that long. In each test a group of 10 
infected and untreated mice served as controls. Mice surviving the treatment period were 


observed for 30 days after infection. 

Antagonism of in vitro activity by p-aminobenzoic acid. The drug containing media, used 
in determining the effects of p-aminobenzoic acid on the activity of a compound, were the 
same as those described above, except for their content of p-aminobenzoic acid. This sub- 
stance was added in 10 mgm. per cent concentration, an amount twenty to one hundre 
times larger than that required to completely antagonize the actirities of 80 mgm, per cen 
sulfathiazole against the respective organisms. This concentration of p-aroinobenzoic aci 
was obtained by adding to each tube of medium 0.1 ml. of a one per cent solution neutralize 
to pH 7.6-7.8. The technique of carrying out the test was identical with that describe 
above for determination of in vitro actiz-ity. 
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Evalmiion of results. In vitro. Sulfanilamide, the least effective of the ref- 
erence sulfonamides, was used as the standard of reference and was assigned a 
value of one. The activities of the sulfanilanilides (or of the other reference 
drugs, sulfadiazine and sulfathiazole) were determined as the ratio of the mini- 
mum concentration of sulfanilamide required to inhibit visible growth for 24 
hours to the minimiiTn concentration of the test compound required for the same 
effect. The inhibitory concentrations of sulfanilamide were 40 mgm. per cent 
for the pneumococci and 5 mgm. per cent for the Friedlander’s bacilli. Thus 
a test compound which inMbited growth of the pneumococci in a concentration 
of 1.25 mgm. per cent would be designated as having an activity of 32, while a 
drug which inhibited growth of Friedlander’s bacilli in this same concentration 
would be designated as having an activity of 4. 

In vivo. Both sulfanilamide and sulfadiazine were used as reference drugs 
in the study of in vivo activities. SuKanilamide, in the dosage employed, pro- 
longed the survival time of infected mice slightly but had essentially no curative 
action. Sulfadiazine, on the other hand, cured 50 ± 20 per cent of the infected 
animals. With these points as reference, the activities of the sulfanilanilides 
could be e.\pressed as <, = or > sulfanilamide or sulfadiazine, depending on the 
extent to which thej' prolonged life or possessed curative effects. 

Antagonism by p-aminobenzoic add. In the study of the antagonistic effects 
of p-aminobenzoic acid, the results were recorded as follows. If p-aminobenzoic 
acid, in the concentration used, had no effect on activity, results were described 
as negative (— ). If it completely abolished the activity of the test compound 
throughout the range of available drug concentrations, the results were recorded 
as positive (-)-). If the presence of p-aminobenzoic acid decreased the effective- 
ness of the test drug significantly but did not completely abolish activity, the 
result was e.xpressed as partial antagonism. 

Resuets. The in vitro activities of the sulfanilanilides and the effects of 
p-aminobenzoic acid on these activities have been recorded in table 1. Examina- 
tion of tills table shows at once that some of the data are incomplete, in that end 
points were not obtained either in one or both of the activity measurements or 
in the tests on the effects of p-aminobenzoic acid on activity. Failure to obtain 
complete data was in every instance due to the low solubilities and activities of 
the drugs. Irrespective of these limitations, the findings presented in the table 
are of considerable interest and warrant rather definite conclusions. 

In the first place, the data show that many of the sulfanilanilide derivatives 
possess high in vitro activity against the pneumococci. Fifteen of the thirty-two 
drugs in the series had activities approximating that of sulfathiazole, the most 
active of the common sulfonamides. Only three of the sulfanilanilide derivativ'es 
w ere definite^ less active than sulfanilamide. It is of interest that the unsubsti- 
tuted sulfanilanilide, the parent compound in the series, had moderate actimty, 
being approximately four times as active as sulfanilamide. 

Both the point of substitution and the nature of the substituent appeared to be 
important factors in determining the in vitro activities of the sulfanilanilide 
derivatives against the pneumococci. Without exception the fifteen most active 
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TABLE 1 


The actiiilics of the sulfanilanilides against pncumocacei and Friedlander's bacilli and the 
effects of p-amtnoben:oic acid on these activities 


COypOtTND 

COMPAJUmX ACTIVin 

IV «T*0 

A^■TACO^^siI or Acnvin by 

P-AMINOBEVIOIC ACm 

Pneiunococois 

Friedlander’s 

bacillus 

Pneumococcus 

Friedlander’s 

bacillus 

Sulfanilamide 

i* 

1* 

4- 

+ 

Sulfadiazine 

2 

32 

+ 

+ 

Sulfathiazole 

16 

32 

+ 

-f 

Sulfanilanilide* 

4 

2 

+ 


2'-Chloro-sulfanilaniIide" 

1 

<•1 

2 

n d.f 



s 

2 


-I- 

S'-Bromo-sulfanilanilide” 

8 

1 

— 

+ 

S'-Trifluoromethyl-aulfanilanilide*. 

8 

1 

* 

— 

-i- 

3 '-Cyano-sulfanilanilide'’ 

8 

1 

partial 

+ 

S'-Nitro-sulfanilanilide” . 

8 

2 

partial 

+ 

3'-Methoxy -sulfanilanilide' . . 

4 

i 

partial 

+ 

3 '-Dimethylamino-sulfanilanilide ' 

4 

1 

* 1 

+ 

+ 

4'-Chloro-sulfanilaniHde* 

<8 

<2 

D d. 

n.d.t 

4'-TrifluoromethyI-sulfanilanilide* . . 

<1 

1 

4 

n.d. 

n.d. 

4'-Methoxy-sultanilanilide' . . 

2 

<i 

+ 

n d. 

4'-Diniethylamino-sulfauilaniIide' 

<2 

<i 

n.d. 

n.d. 

4'-Tert-butyl-sulfanilanilide‘ . 

<2 

<i 

n.d. 

n.d. 

4'-Tert-amyl-sulfanilanilide* 

2 


n.d. 

n.d. 

2 5 '-Dichloro-sulf anilanilide ' 

<16 

<4 

n.d. 

n.d. 

2'-Metho\y , 5 '-obloro-sulfanilanilide ' 

<8 

<1 

n.d. 

n d. 

2',6'-Dichloro-sulfanilanilide* 

<1 

<i 

1 

1 n.d. 

n.d. 

2',6'-Dibromo-3ulfanilanilide‘ 

<1 

<i 

n.d. 

n.d. 

3',4'-Dicliloro -sulfanilanilide* 
S'-Bromo , 4 '-tert-butyl-sulfanil- 

<32 

<i 

! 1 

n d. 

1 

n.d. 

anilide* 

16 

<1 

— 

n.d. 

3 ' , S'-Dibromo-sulfanilanilide** 

32 


— 

-1- 

3 ' , 5'-Trifluoromethyl-sulfaiulanilide* 

32 

<i 

— 

n.d. 

3',5'-Dicyano-Bulfanilanilide’> 

8 

1 

4 

partial 

-f* 

3',5'-Dmitro-sulfanilanilide'’ . . . 

8 

i 

partial 

-1- 

4 '-Tert-butyl , 2', 6 '-dibromo-sulf anil- 




n.d. 

anilide* . . 

4'-Tert-amyl,2',6'-dibromo-sulfanil- 

<8 

<i 

n.d. 

anilide* . * • i 

<4 

<i 

n d. 

n d. 
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TABLE 1 — Continued 



coui»Aiu,n» E Acnvin: 

IN VITRO 

antaconisu xcriv^n by 

p-AinNOBEN20tC ACTD 


Foeumococcus 

Fncdlandcr’s 

baciUtts 

Pneumococcus 

Friedlander’s 

bacillus 

4'-Amino , 3 ' , 5 '-dichl oro -suUanil - 
anilide* 

8 

i 

3 

— 

+ 

4'-Diineth3damiiio,3^,5'-djchloro- 

sulfamlanilide* 

16 

1 

<i 

- 

n d. 

4'-Amino , 3' , 5'-<iibromo-sulf anil- 
anilide’’ 

8 i 

1 . 

< 


+ 

4’-Metbylamino,3',5'-dibromo-sulf- 
anilanilide’’ 

8 

I 

4 


+ 

4 '-Dimethylamino , 3 5'-dibromo- 
sulfanilanilide*’ 

8 

<1 


n.d. 


* 40 TOgm. per cent suBanUamide was required to inhibit growth of pneumococcus Type I 
McGovern, 5 mgm. per cent was required to inhibit growth of FriedJander’s bacillus 
Typo A. Tor method of evaluating comparative activities see text. 

t n d , non-determinable 

• These compounds were prepared in the laboratories of Dr. Nathan Drake, Department 
of Cliemistry, University of Maryland, College Park, Maryland. 

’’These compounds aero prepared in the laboratories of Dr. Joseph B. Koepfli, Gates 
and Crellen Laboratories, California Institute of Technology, Pasadena, Californiif. 

' These compounds were prepared bj' Dr R G. Shepherd of the Department of Pharma- 
cology and E\perimental Therapeutics, Johns Hopkins University School of Medicine, 
Baltimore, Marj-land. 

drugs were substituted at the 3' or the 3' and 5' positions. Chloro-, bromo- or 
trifluoTomethyl-substituents were tbe most effective. Also rvithout exception, 
the eleven least active sulfanilanilides rvere substituted at the 2', the 4', the 2', 6' 
or tbe 2', 4', 6' positions. Interestingly enough, chloro-, bromo- or trifluoro- 
metbyl-substituents at these latter positions did not enhance activity. 

In contrast to their high activity against the pneumococci, all of the sulfanil- 
anilides possessed comparatively low activitj' against the Friedlander’s bacilli. 
Only six of the derivatives were as active as sulfanilamide and the best of these 
was not more than twice as active as this sulfonamide and no more than one- 
sixteenth as active as sulfathiazole or sulfadiazine. Twenty-three of the deriva- 
tives were definitely less active than sulfanilamide. Interestingly, the parent 
unsubstituted sulfanilanilide was one of the most active compounds, and in 
contrast to the findings with the pneumococci, substitution at almost any posi- 
tion reduced the actmty of the parent drug. 

Especially noteworthy were the effects of p-aminobenzoic acid on the activities 
of the sulfanilanilides. In every instance where determinations could be made, 
p-aminobenzoic acid blocked the activities of these compounds against Fried- 
lander's bacilli. Thus, with this organism, the sulfani)aniIide-p-aminohenzoic 
acid relationship was the same as that which has been observed with the common 
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sulfonamides. This relationship did not hold with the pneumococci, however. 
The antipneumococcal activities of eleven derivatives w'ere not in the least 
affected by 10 mgm. per cent p-aminobenzoic acid, and the activities of five other 
compounds were only partially antagonized. With onlj’’ three compounds were 
antipneumococcal properties completely blocked. One of these substances was 
the unsubstituted sulfanilanilide, the parent compoimd of the series; a second 
was the 3'-dimethylamino-derivative; the third was the 4'-metho.v3''derivative. 

It is clear from the data in the table that the nature of the substituent was a 
primaiy factor in determining the effects of p-aminobenzoic acid on the antipneu- 
mococcal activities of sulfanilanilides. Thus, the activities of compounds with 
3', or 3',5'-chloro-, bromo- or trifluoromethyl-substituents were not at all 
affected. Actmties of compounds with 3' or 3',5'-nitro- or cyano- or 3'- 
methoxy-substituents were partiallj' antagonized bj' p-aminobenzoic acid, 
whereas the activity of the 3'-dimethylamino-derivative was completely blocked. 

Whether the point of substitution wms also a factor in the sulfanilanilide-p- 
aminobenzoic acid relationsliip could not be determined from the data at hand. 
The fact that p-aminobenzoic acid only partially blocked the activit}’’ of the 
3'-methoxy-derivative but completely blocked the activity of the 4'-methoxy- 
sulfanilanilide suggests that the point of substitution may be a factor, but these 
data are too few to support such a generalization. 

The in vivo activities of the sulfanilanilides need not be described or discussed 
in detail inasmuch as, at the doses employed, none of the drugs displayed a 
significant degree of activit5' against the test organisms. None of the compounds 
was more active than sulfanilamide against infections vith either pneumococci 
or Friedlander’s bacilli, and only the 3',5'-trifluoromethyl-derivative had as 
great activity as this sulfonamide. 

II. Detailed studv of the chemotherapeutic properties of 3', 5 - 
DiBROMOSULFANiLANiLiDE. A detailed investigation was made of the anti- 
bacterial properties of 3',5'-dibromosulfanilanilide, one of the most active of the 
compounds discussed in the earlier part of this report. In this study, attention 
was focussed on: (1) the activity of the drug in vitro against various species of 
gram-positive cocci and gram-negative bacilli; (2) its activity against strains of 
pneumococci and staphjdocooci which had acquired resistance to the common 
sulfonamides; (3) the effects of p-aminobenzoic acid and pus on the activit5' of 
the drug against various bacterial species; and (4) a wider e.xploration of its 
activity against experimental infections than was carried out in the preliminary' 
study described above. 

Methods. In vitro studies. The organisms used in this study included five strains of 
sulfonamide-sensitive and four strains of sulfonamide-resistant pneumococci, two strains ot 
P-hemolytic streptococci, five strains of sulfonamide-sensitive and nine strains of sulfona- 
mide-resistant staphylococci, one strain each of Friedlander’s bacilli, Escherichia coli and 
Shigella ambigua and two strains each of Pseudomonas aeruginosa, Shigella paradysentenae 
and Shigella sonnei’. The stock cultures of pneumococci, /3-hemolytic streptococci, Fricd- 

’ We are indebted to Dr. Merlin Cooper, Children’s Hospital Research Foundation, Cin- 
cinnati, Ohio, for the cultures of dysentery bacilli; to Mrs. Rosemary Bole, Department o 
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lander’s bacilli and certain of the staphylococci were maintained by daily mouse passage. 
The stock cultures of the remaining staphylococci were maintained by transfer every other 
day in meat infusion broth, the strains of Pseudomonas aeruginosa and Escherichia’coli, by 
weekly passage in meat infusion broth, and the strains of dysentery bacilli, by weekly trans- 
fer in semi-solid medium (meat infusion broth containing 0.2 per cent agar) . 

The basal media employed in this study were the same as those described in part I with 
the addition of Knight’s medium (6) , essentially as modified by Strauss et al. (7), for some of 
the tests with staphylococci. The tethniques of preparing the drug containing media, the 
preparation of the cultures to be used in the activity measurements and the actual set-ups 
of the experiments were essentially the same as those described in the preceding section, 
with the exception that the drug w as incorporated in 8 ml . quantities of medium for the tests 
with p-aminobenzoic acid and pus, in order that these substances could be added in I ml. 
volumes to each tube, making the final volume 10 ml. after addition of the inoculum 

The pus used in this study was obtained from eight different patients representing a. 
variety of lesions and infecting organisms. Various methods of preparation of the pus were 
used including filtration through muslin, autolysis, and extraction wdth heat, acids, alkalis 
or ether. The preparations w ere divided and portions sterilized by boiling, autoclaving, or 
Seitz filtration Varying amounts of these sterilized materials, contained in 1 ml of solu- 
tion, were added to the tubes of test media. 

In all of the in vtlro studies parallel experiments w ere carried out w ith the 3', 5'-dibromo- 
Bulfanilanilide and sulfathiazole. 

In vtto studies In viio experiments were carried out with the McGovern strain of type I 
pneumococcus and the C203 strain of /3-hemolytic streptococcus. The techniques of in- 
fection and treatment were the same as those described in part I except that varying doses 
of the 3',5'-dibromosulfanilanilide were administered and the duration of treatment in the 
experiments with fi-hemolytic streptococci was three days In all experiments the effective- 
ness of the 3',S'-dibromosuIfaniIanilide was compared witli that of sulfadiazine 

Results. Aclimtics against various gram-posihve coed. The in vitro activities 
of the 3',5'-dibromosulfanilanilide against various strains of pneumococci, 
/3-hemolytic streptococci and staphi'Iococci have been summarized in table 2. 
It is readily apparent from the data presented that in essentially all instances the 
activities of 3',5'-dibromosulfanilanilide against these organisms were as gieat 
as those of sulfathiazole and under some conditions were strikingly greater. 
The two drugs had essentially identical activities against the five strains of 
pneumococci, but the sulfanilanilide was at least sixty-four times as active as 
sulfathiazole against the /S-hemolytie streptococci. The test conditions deter- 
mined the relative effectiveness of the drugs against the staphylococci. IVhen 
the tests were carried out in Knight’s semi-sj'nthetic medium, activities ivere 
essentially the same. However, when the tests were performed in comple.x 
medium, the sulfanilanilide was from sixteen to one hundred twenty-eight times 
as active as sulfathiazole. This difference in relative activities was due to the 
fact that substantially more sulfathiazole was required to inhibit growth in the 
complex medium than in the synthetic medium, whereas the effective concentra- 
tions of the sulfanilanilide were the same in both media. It should be remarked 
here that in contrast to the results with sulfathiazole there was v^ery little varia- 
tion in the amounts of the sulfanilanilide required to inhibit growth of any of the 

Baclcriologj , Ohio State Universitj , Columbus, Ohio, for the Pseudomonas aeTugiiiosa 
strains, ami to Dr Wesley Spink, Diiision of Internal Medicine, Univer'iity of Minnesota 
Hospitals and Medical School, for the majority of the strains of Staphytococevs aureus. 
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seventeen different organisms. Tims, the effective concentrations of the sulfanil- 
anilide for these organisms varied only fourfold, whereas those of sulfathiazole 
varied more than five hundredfold. 

Activities against various gram-negative bacilli. As contrasted with its actirity 
against the gram-positive cocci, 3',5'-dibromosuKanilanilide possessed relatively 
low activity against such gram-negative bacilli as Friedlander’s bacilli, 


TABLE 2 

Comparative activities oj S' ,5' -dihromosulfanilanilidc and sulfathiazole against various strains 


of pneumococci, 0-hemolytic streptococci and staphylococci 


OKCAS'tSU 


DSUC REQUIRED TO INHIBIT 
CROAATH rOR 24 HOURS 


S'.S'-Dibromo- 

sulfaniUninde 

Sulfathiaiole 



tnim, per cent 

ngm. per cettt 

Pneumococcus 




McGovern strain (Type I) 

Beef lieart broth + 

1.25 

2.5 

SV-1 strain (Type I) 

2% blood 

2.5 

1.25 

CH strain (Type II) 


1.25 

1.25 

CHA strain (T 3 ’pe III) 


1.25 

1.25 

AVistuba strain (Tj'pe III) 


1.25 

2.5 

P-Hcmolytic streptococcus 




CF-1 strain 

Beef heart broth + 

1.25 

SO 

C203 strain 

2% blood 

2.5 

>160 

Staphylococcus aureus 




679 strain 

Beef heart broth 

2.5 

40 

Smith strain 


2.5 

40 

7 strain 


2.5 

160 

14 strain 


2.5 

160 

Eden strain 


0.6 

SO 

679 strain 

Knight’s semi-syn- 

0.6 

0.3 

Smith strain 

thetic medium 

0.6 

1.25 

7 strain 


1.25 

2.5 

14 strain 


0.6 

0.6 

Eden strain 


1.25 

1.25 


Escherichia coli, Pseudomonas aeruginosa and dysentery bacilli (cf. table 3). 
In every instance where a complete assessment of actmty could be made, the 
sulfanilanilide was less active than sulfathiazole. Thus, in the semi-synthetic 
medium the sulfanilanilide possessed only one sixty-fourth to one sixteenth the 
effectiveness of sulfathiazole. There was some variation in the activity of the 
sulfanilanilide against the different organisms, the drug being distinctlj’ less 
effective against Psetulomonas aeruginosa than against the other organisms. 
It is especially noteworthy that the concentrations of the sulfanilanilide required 
for growth inhibition in the complex medium were substantially greater than 
those in the simple medium, this finding being in marked contrast to the results 
obtained vath the staphylococci (cf. table 2). 
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Effects oj p-amindbenzoic add on activily. The effects of p-ammohenzoic acid 
on the activities of 3 ', 5 '-dibromosuIfanilaniIide and sulfathiazole against the 
various bacterial species have been summarized in table 4. The data presented 
there show that the activities of the sulfanilanilide against pneumococci, 
hemotytic streptococci and staphylococci were affected little, if at all, by p- 

TABLE 3 


Coiiiporotiic actnities of 3*jS*~dibroytiosulfaiiilantlidc ood sulfothici^olc agonist xorious 

gram-negative bacilli 




1 

DRUG REQUIRED TO INHIBIT 




CKOW1H FOR 24 HOURS 

ORGANISM 


TEST MEDIUM 




l',5‘ Dibromo- 
sutfanilanihde 

Sulfathiazole 






mint per cent 

mim per cent 

Friedlander's bacillus 





GH strain 


Salp un 

10 

0 16 

Escherichia colt 

/ 




CH strain 

Sahj’un 

2 S 

0 16 

\ 

Beef heart 

>20 

80 

Pseudomonas aeruginosa 





PA strain 


Sahj un 

>20 

1 25 

Chicago strain 


Sahj un 

>20 

1 25 

1 

Shigella ambigua 




1 

1 

S209 strain 

{! 

Sah> un 

Beef heart 

S 

>20 

0 16 

20 

ShtgcUa •paradyscntcnac 





Bennett strain 


Snhj un 

1 25 

0 01 

Bennett strain 


Beef hc'irt 

20 

5 

Miidd strain 


Sahj un 

1 25 

0 02 

Mudd strain 


Beef heart 

10 

0 6 

Siiif/clio sonnci 





Che'itim striin 


Sah\ un 

2 5 

0 16 

Cheatam strain 


Beef heart 

>20 

SO 

Martin strain 


Sah) un 

10 

0 IG 

?klartin strain 


Beef Jicart 

>20 

SO 


ammobenzoic acid, vhcreas tliis substance blocked the activity of the drug 
against Friedlander’s bacilli, Escherichia coh and dysentery bacilli. It should 
be noted that these differences in reactivity to p-aminohenzoic acid were not 
merely a matter of quantitative susceptibility for even 100 mgm. per cent of this 
substance did not block the acth’it 3 ' of the 3',5'-dibromosulfanilaiulide against 
the gram-positive cocci, n hereas 10 mgm. per cent or less sufficed to block actiidtj' 
against the gram-negati\ c bacilli. It should also be pointed out that in keeping 
n ith the findings of manv investigators, p-aminobcnzoic acid blocked the acti- 
vities of sulfathiazole against all the organisms emploj’ed in this studj'. 
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Aclivily against sulfonamide-resistant pneumococci and staphylococci. The 
failure of p-aminobenzoic acid to block the activities of 3',5'-dibromosulfanilani- 
lide against the pneumococci and staphylococci, together ^vith the alleged 
relationship between sulfonamide resistance and excessive production of p-amino- 


TABLE 4 

The effects of p-aminobenzoic acid on the activities of S' ,S'-dibromosulfanilanilide and 
' sulfaihiazole 


OSCAKISM 

TEST UEcnm 

p-AUINoBEN- 

201C acid 

DRUG REQUIRED TO INHIBIT 
GROWTH TOR 24 HOURS 

3',S'-Dibro- 

mosulfaDil* 

amiide 

Sulfathia* 

zoic 



msm. PfT cem 

1 mgtg. per cen. 

f mgn. per eent 

Pneumococcus Type I 

Beef heart broth -1- 

0 

2.5 

5 

McGovern strain 

2% blood 

0.1 

2.5 

SO 



1 

2.5 

>160 



10 

2.5 

>160 



100 

1.25 

>160 

S-Hemblytic streptococcus 

Beef heart broth + 

0 

2.5 

40 

CF-1 strain 

2% blood 

1 

5 

SO 



10 

5 

>160 



100 

2.5 

>160 

Staphylococcus aureus 

i Knight’s semi-syn- 

0 

1.25 

2.5 

^ No. 7 strain 

thetic medium 

1 

5 

160 



10 

5 

>160 

Friedlander’s bacillus 

Sahyun*s semi-syn- 

0 

2.5 

0.16 

GH strain 

thetic medium 

10 

20 

160 

Escherichia coli 

Sahyun’s semi-syn- 

0 

2.5 

0.16 

CH strain 

thetic medium 

10 

>20 

>160 

Shigella ambigua 

Sahyun*s semi-syn- 

0 

2.5 

o.os 

S209 strain 

thetic medium 

10 

>20 

160 

Shigella paradysenteriae 

Sahyun's semi-syn- 

0 

2.5 

O.OS 

Bennett strain 

thetic medium 

10 

>20 

160 

Shigella sonnet 

Sabyun's semi -syn- 

0 

2.5 

0.16 

Martin strain 

thetic medium 

10 

>20 

160 








benzoic acid (8-12), made it of special interest to determine the effectiveness of 
the sulfanilanilide against sulfonamide-resistant organisnis. Such a study was 
carried out with the results shown in table 5. The data presented there show 
that four sulfonamide-resistant strains of pneumococci anci three resistant strains 
of staphylococci were as susceptible to the sulfanilanilide as the sulfonamide- 
sensitive strains from which they were derived. Furthermore, the dibromo- 
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sulfanilanilide was as active against six other sulfathiazole-resistant strains of 
staphylococci as against any of the sulfonamide-sensitive strains. 

The effects of pus on aclivily. As stated prexdously, pus from eight different 
patients was used in this study. In all, twenty-one different preparations of 


TABLE 5 

The aclivihes of S' ,5'-dibromosulfanilanilide and snlfalhiazoU against sulfonamide-resistant 
strains of pncumococct and staphylococci 



DRUG REQUIKZP TO ISHIBIT GROWTH 

FOR 24 noHSS 


3',S'-Dibromo- 

sulfamlanilide 

Sulfathiazole 


per cent 

mim per cent 

Pneumococcus* 



Type I McGovern parent strain 

1.25 

2 5 

Type I McGovern resistant strain 

2.5 

80 

Tj pe II CH parent strain 

1 25 

2 5 

Type II CH resistant strain 

2 5 

80 

Type III Wistuba parent strain 

1.25 

5 

Tjpe III Wistuba resistant strain 

2 5 

160 

Type in CHA parent strain 

2 5 

5 

Type III CHA resistant strain 

2 5 

160 

Staphylococcus aureusf 

i 


No 7 parent strain 

2 5 ! 

2 5 

No. 7 resistant strain 

5 

80 

No 14 parent strain 

2 5 

<0.6 

No. 14 resistant strain 

0 

40 

Eden parent strain 

1.25 

2 5 

Eden resistant strain 

2 5 

160 

No 604 resistant strain 

0 

80 

No. 605 resistant strain 

2 5 

>160 

No, 606 resistant strain 

5 

160 

No. 614 resistant strain 

2 5 

>160 

No 616 resistant strain 

2 5 

>160 

No 628 resistant strain 

25 

>160 


• Tests With pneumococci u ere earned out in beef heart medium enriched n-i th 2% blood . 
t TcstBA\Uh Btaphjlococci nero carried out in Knight's medium. 


these materials were examined for their effects on the activities of 3' ,5'-dibromo- 
sulfanilanilide against the pneumococci, staphylococci, /S-hemoljdic streptococci 
and Escherichia colt — parallel experiments being carried out with sulfathiazole. 
The results of this study will only be mentioned here since they will be described 
in detail in a separate communication. Summarized briefly, the results showed 
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that none of the twenty-one preparations was able to block the activities of the 
sulfanilanilide against the pneumococci, staphjdococci or j3-hemolytic strepto- 
cocci, whereas eighteen of these preparations effected a significant reduction in 
the activity of the drug against Escherichia coli. 

It should be pointed out that essentially the same pattern of result was 
obtained in control experiments mth sulfathiazole. This finding, which is 
completely at odds with the widelj' accepted conception that pus and tissue 
breakdown products inhibit the activities of the common sulfonamides, will be 
discussed in the more complete report of this w’ork. 

AclivUy against experimental infections with ^-hemolytic streptococci and pneumo- 
cocci. Experiments carried out earlier in this study (cf. Part I) showed that 
3',5'-dibromosulfanilanilide at 2.5 mgm. dosage had little effect on the course 
of experimental pneumococcal infections, having no more effect than sulfanila- 
mide and distinctly less than sulfadiazine. Whereas this finding suggested 
rather plainly that the sulfanilanilide would have httle place in the treatment of 
systemic infections, it seemed well not to dismiss this possibilitj' entirely, merely 
on the basis of the screening study. Accordingly, the in vivo activities of the 
drug against pneumococcal and streptococcal infections were explored more 
extensively, using a mder range of doses. 

The results of the experiments with pneumococci will not be detailed here, for 
within a dosage range of 2 to C4 mgm., 3',5'-dibromosulfanilanilide failed to 
show any beneficial action on the course of the e.xperimental infection. Actually, 
the higher doses of the drug had the opposite effect and shortened the survival 
times of the treated mice significantly over those of the untreated controls. 

The results of the experiments with the streptococci have been summarized 
in table 6. The data there show' that doses of 2, 4 and 8 mgm. had a slightly 
beneficial effect on the course of the infection, but this effect was considerably 
less than that obtained wdth 0.5 mgm. doses of sulfadiazine. Doses larger than 
8 mgm. were in themselves toxic. At 64 mgm. the beneficial effects of the drug 
w'ere lost, the treated mice dying more rapidly than the untreated controls. 

It is worth pointing out here that even doses of the dibromosulfanilanilide 
which were toxic produced comparatively low blood levels. Thus, at doses of 
10 mgm. the peak levels of the free drug averaged only 4.5 mgm. per cent. This 
figure is appro.ximately that obtained under the same conditions with one twen- 
tieth the dosage of sulfadiazine. 

Discussion. The results of the in vitro studies presented above have shown 
that there are many features of theoretical interest in the antibacterial activities 
of the sulfanilanilides. These features involve the differential effectiveness of 
these drugs against various bacterial species, the relationsliip of chemical struc- 
ture to activity against a given organism, the unique response of at least some of 
the drugs to antagonism by p-aminobenzoic acid and other substances which 
are commonly regarded as sulfonamide inhibitors, and finally, the effectiveness 
of at least one of the compounds against sulfonamide-resistant organisms. 

In connection wdth the first of these points, it was found that as compared w it 
such sulfonamides as sulfanilamide, sulfadiazine, and sulfathiazole, the sul a- 
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nilanilides as a group possess relatively much greater activities against the pneu- 
mococci than against Friedlander’s bacilli. Further experiments with a repre- 
sentative sulfanilanilide (3',5'-dibromosulfanilanilide) showed that this 
compound also possesses high activity against other gram-positive cocci such as 
the staphylococci and ^-hemolytic streptococci but has little activity against such 
other gram-negative bacilli as Escherichia coli, Pseudomonas aeruginosa and 
dysentery bacilli. This finding suggests that relatively high activities against 
gram-positive cocci and low activities against gram-negative bacilli are general 
characteristics of the sulfanilanilides. 

TABLE 6 

Activity of S',5'-dtiromosvlfanilanilide against experimental infections with p-hemolyiic 

streptococci, strain CSOS 

(Infecting dose 490 organisms — IS mice in each group) 


PSUG 

DOSE 



mniBEK OF DEATHS 

DAYS AFTER INFECTION 



SUR- 
VIVAL 
OF «rcE 

SURVIVORS 

1 

2 

3 

4 

s 

6 

7-10 

11-30 

THAT 

DIED 


Per 

cent 

0 

mtm • 

15 

0 

0 

0 

0 

0 

0 

0 

hours 

17 

0 

0 

Sulfadiazine 

0 5 

0 

0 

0 

0 

0 

4 

5 

0 



40 


1 0 

0 

0 

0 

0 

0 

1 

5 

2 



47 


2 0 

0 

0 

a 

0 


0 

2 

3 



67 

3',5'.Dibromo-sulf- 

2 

0 

12 

1 

2 


n 

0 

0 

39 

0 

0 

nnilanilide 

4 

1 

5 


5 


'H 

0 

0 

71 

0 

0 


S 

1 

1 

2 

9 



0 

0 

82 

0 

0 


IG 

4 

S 


2 


11 

0 

0 

43 

0 

0 


32 

9 

6 

H 


0 

0 

0 

0 

25 

0 

0 


64 

15 

0 

H 


0 

0 

0 

0 

14 

0 

0 


* Indicated dose administered at 2, 8, and 14 hours after infection and every 8 hours 
thereafter for 5 additional doses, or as long up to that time as the mice survived 


The above finding is opposed to the common impression that suKonamides lack 
specificity of action and possess the same relative orders of activity against 
different bacterial species (13-19) . It is noteworthy that the evidence in support 
of this impression is not too conclusive and there vas some prior evidence (3, 20) 
in opposition. It might also be pointed out that the sulfanilanilides resemble 
the sulfones in possessing relatively high activities against gram-positive cocci 
and low activities against gram-negative bacilli (21). 

The correlation between the antipneumococcal activities and chemical struc- 
tures of the sulfanilanilides is striking. Thus, derivatives with substituents at 
the 3' or 3', 5' positions (and particularly halogen substituents) possess consider- 
ably higher antipneumococcal actiidties than derivatives nith substituents at 
other positions. The precise explanation of this finding is not apparent, but its 
implications may be highly important for the development of new and more 
active drugs in the sulfanilanilide series. 
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One of the most remarkable findings in the present study was the response of 
the sulfanilanilides to p-aminobenzoic acid. The activities of these compounds 
against Friedlander’s bacilli are blocked by p-aminobenzoic acid, just as are the 
actmties of such conventional sulfonamides as sulfanilamide, sulfathiazole, and 
sulfadiazine. However, unlike this classical relationship, the actmties of many 
of the sulfanilanilides against the pneumococci are either completel3' unaffected 
by p-aminobenzoic acid or are blocked only to a slight. degree. Experiments with 
3',5'-dibromosulfamlanilidc showed that this peculiar behavior was not limited 
to the two organisms mentioned above but applied in the same pattern to other 
gram-positive cocci and gram-negative bacilli.^ These reactions of the sul- 
fanilanilides are thus distinctlj' different from either those of the common 
sulfonamides or of the homosulfonamides (whose activities against both gram- 
positive cocci and gram-negative bacilli are unaffected bj' p-aminobenzoic acid 
(18, 24). _ 

In coimection with the antagonism of sulfanilamlide activitj' it should be 
noted that the reactions of the 3',5'-dibromosulfanilanilide to the constituents 
of complex media parallel the reactions of this drug to p-aminobenzoic acid. 
Activities of this sulfanilanilide against gram-negative bacilli were blocked by 
constituents of complex media; activities against gram-positive cocci w-ere not 
affected. 

The response of sulfonamide-resistant staphylococci and pneumococci to 
3',5'-dibromosulfanilanilide is of special interest, in view of the indifference of 
this drug to p-aminobenzoic acid and the implication that excessive production 
of this substance is responsible for sulfonamide resistance (8-12). The finding 
that the activities of the above sulfanilanilides are as great against sulfonamide- 
resistant organisms as against the parent sensitive organisms would appear to 
support the above implication. The explanation maj' not be as simple as this, 
however. Excessive production of p-aminobenzoic acid or arj’lamine (10, H) 
characterizes some, if not all, of the strains of resistant staphjdococci used in the 
present study but on the other hand the resistant pneumococci produce no more 
p-aminobenzoic acid or other sulfonamide inhibitors than do the parent strains 
(10). It may well be that the effectiveness of 3',5'-dibromosulfanilanilide 
against these resistant organisms is entirelj' independent of its indifference to 
p-aminobenzoic acid and the drug affects these organisms via different mecha- 
nisms than do the common sulfonamides. Also, the possibility exists that the 
sulfanilanilides attack the staphylococci via one mechanism and the pneumococci 
via another. 

‘ Goetchius and Lawrence (22), in a recent publication appearing after the present e-x- 
periments had been completed, drew the broad generalization that the antibacterial activi- 
ties of the sulfanilanilides are unaffected by p-aminobenzoic acid. This conclusion was 
based on experiments with only one sulfanilanilide, the 3 ', 5 '-dibromo-derivative, and only 
one organism, the /3-hemolytic streptococcus. In view of the observations reported in the 
present paper, this geheralization of Goetchius and Lawrence seems unwarranted and re- 
quires considerable qualification both with respect to the character of the sulfanilanilide 
and the species of microorganism. This conclusion is supported not only by our ownworK 
but by the completely independent observations of UTiite (23). 
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The features mentioned above appear difficult to reconcile with the current 
conception that the sulfonamides owe their acthdties to their ability to compete 
with p-aminobenzoic acid. Where the sulfanilanilides possessed their highest 
acthdty, as against the gram-positive cocci, there was no antagonism by p-amino- 
benzoic acid. On the other hand, where acti%-ities were low, as against the gram- 
negative bacilli, there was blocking of acti^dty by p-aminobenzoic acid. These 
findings suggest that the acthdties of these drugs are not solely dependent upon 
their competition with p-aminobenzoic acid and, further, that their activities 
against gram -positive cocci may depend -upon entirely different mechanisms 
from those which affect the gram-negative bacilli. Further e.yploration of this 
apparent dualistic action of the sulfanilanilides would seem to be indicated since 
it might not only be of use in explaining the modes of action of the sulfanilanilides 
but also assist in explaining the actmties of the common sulfonamides. 

FmaUy it should be pointed out that on the basis of the in vivo studies reported 
here there would appear to be little use for an 3 ^ of the present group of sulfanil- 
anilides in the treatment of sj-stemic bacterial infections. The poor absorption 
of the best of these drugs coupled with comparativdj' high toxicitj' makes them 
inferior to such a drug as sulfadiazine. TheoreticaUj', at least, the indifference of 
some of the sulfanilanilides to antagonism by tissue breakdown products and 
p-aminobenzoic acid might make these drugs of some use in certmn local in- 
fections with gram-positive organisms. Even such usage does not appear 
promising, in \iew of the low actmties of the sulfanilanilides against the gram- 
negative bacilli w'hich so often are a part of the flora in such lesions. Certainlj* 
local use should not be attempted until a careful investigation has been made of 
tissue reactions to these drugs. 


STJMIIAET 

A series of thirtj'-two sulfanilanilide derivatives have been examined for in 
litro actmties against pneumococci and Friedlander’s bacilli and for their effec- 
tiveness against expenmental infections with these orgamsms, with the following 
results In vitro, nearh- all of these sulfanilanilides possessed considerable 
activitj- against the pneumococci. Compounds with halogen, cj'ano- or nitro- 
groupings in the 3' or 3', 5' positions were most active. None of the sulfanilani- 
lides possessed significant tn vitro actmties against the Friedlander’s bacilli. 
None of the compounds demonstrated significant activitj' against experimental 
infections wnth either of the test orgamsms 
Following a lead obtained m antimalarial investigations, a considerable num- 
ber of the sulfanilanilides w ere studied for response to p-aminobenzoic acid. It 
was found that the antipneumococcal activities of numerous compounds were 
either not affected at all or w ere onlj- partiaUj' blocked bj' p-aminobenzoic acid. 
Compounds reacting in this manner included those with 3' or 3',5'-chloro-, 
bromo-, trifluoromethyl-, nitro-, cyano-, or methoxy-substituents. In contrast 
to this, p-aminobenzoic acid uniformly blocked the actiiities of the sulfanilani- 
lides against the Friedlander’s bacilli. 

A more extensive study of in vitro and in viio characteristics of the sulfanilani- 
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lides Mas carried out using, as the test drug, 3',5'-dibromosulfamlaniIide, one of 
the most active of these compounds. The results of the in vitro studies showed 
that this substance possessed considerable actmty against numerous strains of 
pneumococci, /3-hemolytic streptococci and staphylococci, but had little activity 
against Friedlander’s bacilh, Eschencliia colt, Pseudomonas aeruginosa and various 
types of dysenterj^ bacilli. Interestingly, the drug was equally active against 
sulfonamide-sensitive and resistant pneumococci and staphjdococci Further- 
more, its actmties against the various gram-positive cocci n ere not affected by 
p-ammobenzoic acid whereas activities against the gram-negative bacilh nere 
unifonnl 3 ' blocked. The same general relationsliip held foi antagonism of ac- 
tivity by the constituents of complex media or pus 

The in mvo studies shoved that the 3',5'-dibromosulfamlanilide exerted little 
favorable affect on the course of experimental infections with ^-hemolytic strep- 
tococci and none whatsoever on infections mth pneumococci. The compound 
displayed considerable toxicity. 

The practical and theoretical implications of these findings have been discussed. 
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Salicylates, particularly as acetylsalicylic acid, are among the most widely 
used therapeutic agents. In the last decade the concentration of salicylates 
appearing in the blood and the rate of e.vcretion after massive doses, such as used 
in the treatment of rheumatic fever, have been studied. Little information, 
however, has been obtained as to these features for the doses taken in the much 
wider use of salicjdates as analgesics and antipyretics by nonrheumatic 
individuals. 

The investigation reported here deals with these smaller doses and includes a 
studj’' of 1) the excretion; 2) the forms and concentrations in which salicylates 
appear in the plasma; the influences of bicarbonate upon absorption, plasma 
concentration and elimination; and accumulation of salicylate; 3) the binding of 
salicylates by plasma; 4) the distribution of salicj'Iates in body fluids; 5) the 
nature of renal e.xcretion of salicylates; and 6) a discussion of the analgesia. 

Analytical methods. The method of Brodie, Udenfriend and Coburn (1), modified as 
described here, was used to determine salicylates in plasma and whole blood. Larger 
volumes of plasma, blood and extractants were used than called for in the original descrip- 
tion; the sensitivity of the method was thus increased so that it was possible to detect as 
little as 0.04 mg. per cent of salicylic acid. To obtain this sensitivity, 8 cc. of the fluid 
under analysis were made acid with 2 cc. 6N HCl and extracted with 24.5 cc. of ethylene 
dichloride; 20 cc. of the ethylene dichloride were then re-e.xtracted with 2 cc. of water and 
0.10 cc. of 0.5 per cent ferric chloride. The aqueous extract was transferred to a flat-bot- 
tomed microcolorimeter tube and its optical density determined with a lOett colorimeter 
using a green filter transnutting light of 510 lUfi. With these relative volumes a concentra- 
tion of 1 mg. per cent salicylic acid in the original 8 cc. sample gives a reading of 109 divisions 
on the colorimeter scale. A calibration curve was obtained for volumes less than S cc. using 
0.5 cc. 6N HCI for each 2 cc. portion of fluid to be analyzed and keeping the other volumes 
constant; the resulting relationship between divisions per milligram per cent and volume 
of fluid analyzed is not linear since ethylene dichloride does not extract the ealic 3 'lic acid 
completelj- from the aqueous solution and changes in relative volumes therefore exert 
effects disproportionate to the volume of fluid extracted. 

It was found that whole blood could be analyzed as easil}- as plasma bj' this technique. 
The method was also used satisfactorily for the determination of salicylate in cerebrospinal 
fluid and ultrafiltrate of plasma. 

Conjugated salicjdate in both whole blood and plasma can be determined bj' the hydrolj-- 
sis of the material in a solution 2N in HCI using the reflu.x apparatus* described bj' Green- 
berg and Lester (2) . It is thus possible, as discussed later, to determine acetylsalicjdate bj’ 
dilTcrence. 

As indicated b}' Brodie, Udenfriend and Cobum, free salicylate in nonhj'droK’zcd urine 
cannot be determined b}‘ their method, but it has been found here that it maj' be used for 
total sahcj'late in hj-droij'zed urine. Prior to the publication of this method total urinary 


' Made by the Macalaster Bicknell Co., New Haven, Conn. 
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salicylate determinations were made by us using the following method, which is highb' 
satisfactory for this purpose. 

A volume of urine, acidified to be 2 . 6 N in sulfuric acid, is h3’’droly2ed b3’ refluxing for 60 
minutes; this strength of acid and length of time suffice to h3*droly2e all conjugates of 
salicylate including salic3durate; determinations made at longer times give no increase of 
salicylate. The hydrol3'sate is exiiracted ndth an equal volume of diethyl ether; a suitable 
aliquot of the ether is evaporated slow]3* to dryness to minimize mechanical carr3’'-over of 
salicylic acid; the residue is dissolved in water, ferric chloride is added and the optical 
density of the solution is then determined. Calibration, recovery of known amounts from 
urine, and blanks were determined in the usual manner. This method is both accurate and 
sensitive and was used for most of the analyses of total urinary salic3’'late reported here. 



Fig. 1. Relation between Various Doses of Acetylsalicylic Acid and 
Time of Exchetiox 

• • •: Extremes of duration of excretion. 0 ^ 0 — O: Average duration of 

excretion. 

Excretion. Human male subjects were employed; they ivere mainly 
laboratory personnel in good health. Blood was obtained from the antecubital 
vein with heparin- as the anticoagulant. 

The duration and amount of excretion of salicylate in the urine were deter- 
mined after oral administration of 0.33 to 1.95 g. of acetylsalicylic acid. Seven 
subjects took a dose of 0.33 g.; 6 took 0.65, 0.98 and 1.30 g.; and 5 took 1.63 and 
1.95 g. The end-point of excretion was taken arbitrarily as the time when less 
than 5 mg. of salicylate were excreted per hour; at this time about 95 per cent of 
the total axcretion had occurred. The acetylsalicylic acid was administered at 

® Supplied by the Roche-Organon Co. 
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such times that the end-points would fall within the working day so that hourly 
samples might be more easily procured. There was thus no fixed relation in 
time between food intake and ingestion of the acetylsalicylic acid. Figure 1 
shows the results obtained. 

As will be sho^vn later, acetylsalicylate appears in the plasma in very small 
amounts and for a very short time immediately after ingestion of the drug, while 
free salicylate after this first period, constitutes all the salicylate in the plasma. 
This suggested, therefore, that the relative amounts of salicylate compounds 
excreted after acetylsalicylic acid would be the same as those excreted after sodium 
salicylate as found by Kapp and Cobum (3). To test this, several urine speci- 
mens were analyzed for the relative amounts of salicylurate and free salicylate. 
The nonhydrolyzed acidified urine was extracted with two equal volumes of 
ether, which extracts all the salicylic acid and about 96 per cent of the salicyluric 
acid. Hydrolysis of an aliquot of this extract and determination of glycine (4, 5) 
in the hydrolysate gives the amount of salicyluric acid. By determination of 
the total color developed from the ether extract with ferric chloride, and knowing 
the contributions to the color of salicylic and salicyluric acids and the amount of 
salicyluric acid from glycine analysis, free salicylic acid is given by difference. 
In this manner it was found that free salicylate constituted some 20 to 25 per 
cent and salicylurate some SO to 55 per cent of the total salicylate excreted in the 
samples investigated, w'hich corresponds to the values found by Kapp and 
Cobum (3). 

In the series of 35 determinations reported here from 52 to 75 per cent of the 
amount of salicylate ingested was excreted in the urine; the average was 68 per 
cent. Variations in per cent excreted showed no correlation to dosage or urin- 
arj' volume. Within the range of extremes the same individual varied in diff- 
erent experiments and these variations likewise showed no relation to variations 
in dosage and urinary volume. 

Figure 2 shows representative curves of the hourly excretion of salicylates 
after administration of various amounts of acetylsalicylic acid. 

The literature affords little data on the duration of excretion after small doses. 
Blanchier (6) found excretion to be practically complete in 22 hours after 1 to 2 g. 
of sodium salicylate, while Hanzlik, DeEds and Presho (7) reported that after 0.5 
to 1.0 g. of various salicylates, excretion of detectable amoxmts continued for 48 
hours. The present data are in accord with Blanchier’s findings. 

Salicylates in the plassia. From the duration of e.\'cretion it is evident 
that even after the ingestion of small amounts of acetylsalicylic acid, salicylate 
persists in the plasma for many hours. Typical curves of the concentration of 
salicylate in the plasma for doses of 0.65 and 1.30 g. to an individual iveighing 
75 kg. are shown in figure 3 as A and A'. The maximum concentration reached 
after ingestion of 0.65 g. was of the order of 4 mg. per cent and after 1.30 g., 
8 mg. per cent. ‘ These concentrations arc for free salicylate only and do not 
include acetylsalicylate which may be present. 

If some acetylsalicylate is absorbed -without alteration the probability that it 
u ill disappear from the plasma in a short time after absorption is indicated by 
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Fig 2 Exchetion of Saliovlatb (as Sodium Saliuilate) per Hour after Acettl- 

SALicTLic Acid 
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the observation that on incubation at 37° with plasma, the acetylsahcylate is 
hydrolyzed rapidly. 

An attempt was made to determine the amount of the acetyl derivative in the 
plasma after oral administration; this was taken as the difference between total 
salicylate (by hydrolysis of plasma) and free salicylate. The probability that 
this difference represents acetylsalicjdate rather than some other conjugated 
form is high for the following reasons: 1) After administration of sodium salicy- 
late, no conjugated form could be detected in the plasma. 2) After adminis- 
tration of acetylsalicylic acid a conjugated form is present for a short time and in 
amounts varying with the dose given. 3) If this conjugated form occurred as 
a metabolite it would be anticipated after sodium salicylate as well as after 
acetylsahcylic acid and should be present in the plasma for the full time that 
salicylate was present instead of only for a short time after administration, as 
found here. 4) The possibility that the conjugated form, found after 
administration of acetylsalicylic acid, was salicyluric acid (o-hydroxyhippuric 
acid), an important urinary product of salicylates, was disproved by the absence 
of an increase in amino acids in the protein-free plasma filtrates after adminis- 
tration of salicylates. Determination of amino acids was made by the Russell 
(4) modification of the Frame, Russell and Wilhelmi (5) method. Brodie, 
Udenfriend and Cobum (1), employing a method using differential solvents, 
w ere unable to find salicyluric acid in plasma. 

Thirty minutes after the ingestion of 0.65 g. of acetylsalicjdic acid 27 per cent 
of the total salicylate present was acetylsahcylate; at 120 minutes, none could be 
found. Seventy minutes after the ingestion of 2.60 g., 13 per cent of the total 
salicylate was present as acetylsahcylate; at 160 minutes, none could be detected. 

Effect of bicarbonate. Smull, W^gria and Leland (11) have reported that the 
administration of bicarbonate u ith sodium salicylate to both rheumatic and non- 
rheumatic subjects resulted in a lower concentration of sahcylate in the plasma 
than when the salicylate uas given without bicarbonate. They reported no 
measurement of urinary excretion. Goodman and Gilman (8) state that bi- 
carbonate has no effect on the e.xcretion of sahcylates, and Hanzhk (9, 10), 
on one occasion, that it does not and, on another, that it does. Morris and 
Graham (12) reported an increase of sahcylate in the urine of rheumatic patients 
given bicarbonate Table 1 shous the findings obtained with a normal subject 
receiving small amounts of salicylate After the administration of 2.60 g. of 
acetylsalicyhc acid vithout bicarbonate, 925 mg. uere eliminated in the urine in 
12 liours; when the same amount uas administered vith 7.8 g. of sodium bicar- 
bonate, 1501 mg vere eliminated in 12 hours. This increase of more than 50 
per cent in the rate of elimination is in excess of any indmdual variation in 
excretion found in any of the subjects studied. These findings are in agreement 
M ith others in u liich the excretion n as foUou ed for a shorter period ; in all in- 
stances, bicaibonate inci cased the elimination of salicylate. 

The effect on the conccntiation in the plasma, houover. was not caused by 
increased elimination alone. As seen from figure 3, curves B and B' in contrast 
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with curves A and A', the concentration of salicylate in the plasma 2 or more 
hours after administration was lower when bicarbonate was given. With the 
bicarbonate, however, about the same maximum concentration was reached but 
at a much earlier period than when no bicarbonate was given. The bicarbonate 
markedly increased the rate of absorption, a finding which is in aereement mth 
that of Schnedorf, Bradley and Ivy (13). 

Accumulation. In experiments carried out here, four subjects took 1.95 g. of 
of acetylsalicylic acid at one time each day for 11 daj’’s. Anah'ses of the urine of 
the four subjects at the 35th and 36th hours after the last dose, showed less than 
6 mg. present, indicating virtually complete elimination within this period of 
any amount accumulated. Since 30 hours are required for the complete elimina- 
tion of a single dose of 1.95 g., this indicates that the amount of salicylate 
accumulated is insignificant. 

From the values for excretion of salicylate in the urine obtained bj' liapp and 
Coburn ((3) p. 352, fig. 10) and the values for concentration of salicylate in 

TABLE 1 


Subject taking S.60 g. aceiyUalicytic acid 


ract IKIERVAIS 

1 

UWNE VOLXJICS 

ACETVtSAUCYtIC ACID EXCSETED 

Without NaHCOj 

hr. 


mt. 

0-6 

620 


6-12 

490 

With 7.8 g. NaHCOj in first 3.5 hr. 

0-6 

425 


6-12 

600 


plasma obtained by Cobum (14) on repeated administration it is seen that the 
amount accumulated in the body is small, since after administration was stopped 
the amount present disappeared rapidly. Similar results were obtained by 
Butt, Leake, SoUey, Griffith, Huntington and Montgomery (15). 

The binding of salicylate by plasma. Jacoby (15), in 1908, was the first 
to point out that salicylate could be boimd to serum constituents; he concluded 
from experiments on rabbits that salicylate is bound in some manner to the pro- 
tein or polypeptides of serum. However, according to Jacobjq this binding couW 
only be demonstrated in serum obtained after sodium salicylate administration 
in vivo-, no binding seemed to result if the salicylate was added in vitro to serum. 
Jacoby offered no explanation for this difference and no investigators, including 
the present, have been able to reproduce it. . 

In 1923 Chabanier, Lebert, and Lobo-Onell (17) found that serum containmg 
sodium salicylate lost practically none of the salicylate to isotonic saline, even 
after prolonged dialysis, while serum dialyzed against isotonic saline containing 
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salicylate rapidly gained more salicylate with its virtual disappearance from the 
saline. To determine if this same adsorption also obtained in vivo they measured 
the rate of urinary excretion of salicylate and the concentration in the serum, 
performing clearance measurements on subjects receiving salicylate. With no 
direct evidence they then made the assumption that the clearance of salicylate 
was identical with that of urea. On the basis of this assumption they concluded 
that the proportion of serum salicylate regulating excretion by the kidney is only 
a small part of the total salicylate held by the serum, and that the unbound 
fraction in vivo is greater than in vitro. Data to be presented here give experi- 
mental support to the assumptions and conclusions of Chabanier, Lebert and 
Lobo-Onell. 

van Leeuw’cn and Drzimal (18) extended the in vitro dialysis observations to 
serum from asthmatics and reported that the capacity of this serum to bind 
salicylate was less than that of serum from normal individuals. 

The binding of a drug to protein of the plasma should, on theoretical grounds, 
affect its excretion, distribution, and possibly its therapeutic efficiency. That 
distribution and excretion are affected has actually been shown for the sulfona- 
mide group, the effect depending on the extent of the binding (19, 20, 21, 22). 
The effect on the therapeutic efficiency seems to depend on the particular drug 
(23, 24, 25, 26). 

The present data on salicylate accord fully with the general statement of 
Reinhold, Flippin, Domm, and Pollack (22) that “sulfonamide so bound in a 
protein-sulfonamide complex appears to be in equilibrium with the free sulfona- 
mide and plasma proteins. The penetration of sulfonamides into erythrocytes 
and other cells, and into cerebrospinal and other body fluids, including the glome- 
rular filtrate, is confined to the ultrafiltrable fraction.” 

Methods. The two methods in general use for the determination of an unbound material 
m plasma or serum, dialysis and ultrafiltration, give similar results with salicylate. Dialy- 
sis has several disadvantages ; it is slow, it is difficult to prevent dilution of the plasma by 
passage of water from buffer to plasma, and, for use in the determination of unbound sali- 
cylate in vivo, it has a fundamental disadvantage in that it lowers the original salicylate 
concentration of the plasma by diffusion into the dialj’sate. The important asset of dialysis 
IS that the quantity of dialysate is suitable for accurate measurement, which is important 
for measuring unbound salicylates since the concentration is low and the analytical method 
of only moderate sensitivity. 

For the determination of unbound salicylate, ultrafiltration does not, except for volume, 
suffer the disadvantages outlined for dialysis, because there is no significant alteration of 
the homogeneity of the plasma system. Two methods of ultrafiltration were tried. The 
first involved the use of a collodion covered sintered glass filter stick into which the plasma 
was admitted and 20 p.s.i. N, was applied for the filtration. Salicylate was variably re- 
tained upon the collodion depending on the preparation of the film, especially the rate and 
degree of evaporation of the solvent. If the solvent was removed completely, salicylate 
was not retained, but the film contracted and no longer adhered to the glass; plasma had 
therefore to be added to the stick and connection made to the nitrogen supply very rapidly 
in order to ensure a pressure-tight seal. 

The second method which was tried worked more satisfactorily. The plasma to be 
analyzed was placed in a seamless cellophane bag made from tubing, suspended in a SO ce. 
centrifuge tube and centrifuged at 2000 r.p,m. In preparation the two open ends of the 
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tubing were bent upward and 3 to 4 cc. of plasma admitted. Both openings were then 
closed by twisting and then knotting the cellophane. Strong cotton thread was wound 
and knotted below the cellophane knots and then used to suspend the bag in the centrifuge 
tube; this was facilitated by placing a hook just below the outside rim of the centrifuge tube. 
The tube was stoppered to prevent loss by evaporation. The yield of ultradltrate was 
about 0.25 to 0.30 cc. per hour. There was no determinable adsorption of the salicylate 
on the cellophane membrane and no protein was filtered. 

The results obtained from dialysis and ultrafiltration were compared by dialyzing plasma 
containing salicylate against a buffer* until equilibrium was reached. The same equilib- 
riiun was reached by dialyzing plasma, which was free from salicylate, against a buffer 
containing salicylate. The plasma was then ultrafiltered and the concentration in the 
ultrafiltrate compared with that in the plasma water as calculated from the concentration 
in the buffer. In this way, disturbances caused by passage of water from dialysate into 
the plasma were eliminated. Agreement of the values was satisfactory within ± 4 per cent. 

Effect of concentration of salicylate. Both in vivo and in vitro plasma from differ- 
ent normal individuals and from the same individual at different times varied 
somewhat in its ability to bind salicylate. In general, the per cent of unbound 
salicylate increased with increase in concentration of sahcylate. Some repre- 
sentative values are; a binding of 90 per cent at a total concentration of salicylic 


TABLE 2 


P&OTEIN 

BUTfXE j 

PLASUA j 

i 

SALtCYLATE BOUND ' 
BYPLASUA 1 

RATIO or BOUND TO 

ttZZ SAUCYtAtZ 

PER C. PROTEIN* 

fer eenl 

1 Mg. p<r cent salicylic odd \ 



5.45 

1.33 

6.86 



2.80 

1.61 

6.27 



1.92 

1.68 

5.34 


■■ 


* See Davis (23). 


acid of 4 mg. per cent; 70 per cent at 16 mg. per cent; and 54 per cent at 70 mg. 
per cent. The binding capacity of plasma for salicylate is therefore high. 

In rheumatic fever patients recemng salicylate therapy a much lower per 
cent of salicylate was bound to plasma than in noimal individuals; in one in- 
stance, only^ 6 per cent was bound at a total salicydic acid concentration of 37 rag. 
per cent in plasma. 

Effect of concentration of protein. Portions of the same plasma were suitably 
diluted with buffer and dialyzed against the buffer containing salicylate. Tlie 
results are tabulated in table 2. 

The binding, as seen, decreases with decrease in concentration of protein but 
the ratio increases and varies linearly with the concentration of protein. For 
the sulfonamides, Davis (23) found this ratio to decrease slightly with decreases 
in concentration of protein, although he found the overall percentage binding 
to be decreased, as in the present data on salicylate. 

Effect of temperature. Three portions of the same sample of plasma were dia- 
ly'zed for 20 hours at 6°, 20° and 37°C. against buffer containing the same initia 

* The buffer used throughout the dialysis experiments was that employed by Davis (23), 
0.15 M NaCl in 0.01 M phosphate buffer at pH 7.4, 
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concentration of salicylate. The results of one such series of determinations are 
given in table 3. Because the rate of diffusion increases ivith rise of temperature, 
the plasma at 37°C. is diluted the most. If correction is made to an equal 
concentration of protein in the three samples of plasma, it is found that tempera- 
ture exerts no appreciable effect on the magnitude of the binding. 

Binding of acelylsalicglate. The comparative binding of acetj'lsalicylate and 
salicylate •svas investigated by adding acetylsalicjdate to the buffer and deter- 
mming the concentrations of total and free salicylate in the plasma and buffer 
reached in 4 hours. The dialysis was carried out at 20°C. It was found that 
the binding power of plasma for free salicylate is much higher than for acetyl- 
salicylate. Thus in a typical experiment in a series of such determinations, 92 
per cent of the salicylate was bound to the plasma at a concentration of 5.8 mg. 
per cent salicylic acid while 33 per cent of the acetylsalicylate was boimd at a 
total concentration of 12.0 mg. per cent. The binding of acetylsalicylate might 


TABLE 3 


TCUPESATOBS 

BUrfEK 

PIA SUA 

1 

: SAUCYlJlTE BOOND 

1 BV PlASilA 

DaUlION or PLASilA 

•c. 

1 mg per cent solicylte acid 1 

per cent 

per cent 

6 

0.S6 

8.39 

93 3 

19 

20 1 

0.64 1 

7.80 1 

91.8 

25 

37 

0.89 

7.21 

87.6 

31 


TABLE 4 

Distribution of salicylate between plasma and red cells 
Concentration aa mg. per cent salicyjic acid 


vmou: Bi^oD 

PMS\£A 

S£ir CELLS 

StED CELL WATE2 

T^-tXAPILTSATE 

OF PLA5UA 

38.3 

62.0 

20.7 

27.6 

27.1 

30.0 

42 2 

14.5 

19 3 

18.6 

20.3 

28 8 

9 4 

12.5 

11.3 


be e-xpected to increase somewhat uith decrease in its total concentration, just 
as with the nonconjugated form; also, the binding might be arrested or reversed 
with the progressive decrease in acetylsalicylate and increase of salicylate as 
found to occur in vivo. These matters were not investigated since our point of 
interest bore only on the po.ssibilitj', to be discussed later, that acetylsalicylate 
has a more potent analgesic action than salicylate, even though it occurs in low 
concentrations in the plasma after administration. If, for this effect, only un- 
bound free salicylate and unbound acctj’lsalicylate were effective the unequal 
binding of salicylate and acetylsalicylate, as shown here, would proportionallj' 
reinforce the effectiveness of the acetylsalicylate. 

The DisrninuTJO.x or s.ieicveites ix bodv mums. Bclwccn plasma and 
red cells. The distribution of salicylate between plasma and red cells was obtain- 
wl by adding sodium salicylate to blood and determining the concentration of 
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salicylate in the whole blood, plasma, and ultrafiltrate of the plasma. The con- 
centration of salicylate in the red cells was calculated from the hematocrit vol- 
lune and the concentration of salicylate in whole blood and plasma, an indirect 
determination which is subject to some error (27). The data obtained are given 
in table 4. As seen there, the concentration of salicylate in the water of the red 
cell (concentration of total salicylate in the red cells divided by the percentage 
of water in the red cells) is, within the range of error of determination, identical 
wth that of the unbound salicjdate in the plasma water. There is, therefore, 
no binding of salicylate by the protein of the red cell. This proof was again 
obtained by suspending saline washed red cells in saline to which sodium salicy- 
late was added and determining the concentrations of salicylate present in the 
water of the red cell and in the saline; these concentrations were again equal. 
The data presented here are in contradistinction to those of Cobum (14) who 
states that the content of salicylate in the red cell is “negligible.” 

Between plasma and cerebrospinal fluid. Because the experimental period was 
no longer than 8 hours, the results obtained in the present work indicate only 
that the equilibrium concentration of salicylate in cerebrospinal fluid probably 
approaches the concentration in ultrafiltrate of plasma and that the diffusion of 


TABLE 5 


TXUC 

WnOLZ BLOOD* 

PLASUA* 

BED CELL TTATEB* 

CEBXBSOSPIVAL 

pluid* 

hr. 

5 


41.4 

34.2 

13.0 

8 


44.7 

33.7 

16.2 


* In mg. per cent salicylic acid. 


unbound salicylate into the cerebrospinal fluid, and the reverse process, are 
slow, requiring many hours for the attainment of a steady state. 

A dog weighing 7 kg. was put under partial anesthesia with sodium amytal and 
given 200 mg. per kg. of sodium salicylate intravenously; 1 hour later an infusion 
of sodium salicylate solution was begun into the right jugular vein at the rate 
of 20 mg. of salicylate per kg. per hour (12 cc. solution per hour) and continued for 
7 hours. At 5 and 8 hours after the initial administration of salicylate, samples 
of blood and cisternal fluid were withdrawn. The cisternal fluid contained the 
normal small amount of protein, of such magnitude that binding of salicylate did 
not have to be considered. The data obtained are given in table 5. Since it 
was found that for all practical purposes the concentration of salicylate in the 
water of the red cell is equivalent to that of the ultrafiltrate of plasma, the former 
was used as a measure of the latter quantity. 

Another dog, weighing 7.6 kg., was given, unaer ether anesthesia, 200 mg- 
per kg. of acetylsalicylic acid'* intravenously. At 1 hour and Sj hours blood an 
cisternal fluid samples were drawn, with the findings shown in table 6. 

* The acid was brought into solution (5.6 per cent) with sodium hydroxide. The solution 
was slightly acid when given and contained 8 per cent salicylic acid. 
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The fact that acetylsalicylate appears in the cisternal fluid when none is present 
in the blood would indicate that it is not hydrolyzed as rapidly in this medium 
as in the blood. 

Between plasma and peritoneal fluid. The difficulty in obtaining more than 
infinitesimal amoimts of peritoneal fluid under normal circumstances made it 
necessary to utilize the technique of Schechter (28), which consists of increasing 
the volume of peritoneal fluid artificially bj' the injection of saline into the 
peritoneal cavity. 

Two rats were given 200 mg. per kg. of sodium salicylate intravenously and 
20 CO. of saline intraperitoneally. At 2 hours blood was draivn by cardiac punc- 
ture from one rat, the animal killed by an air embolus, an incision made into the 
belly wall and the peritoneal saline withdrawn. At 5J hours blood and peri- 
toneal saline were obtained similarly from the second rat. Table 7 gives the 
data obtained. The agreement between the concentration of salicylate in the 


TABLE 6 


mo: 

WHOLE BLOOD 

PLASUA 

BED CELL WAXES 

ClSTEKKAL PLtJID 




(a) 1 

(b) j 

1 M 1 

i (W 1 

1 w 

1 0>) 

hr^ 



mg. per cent salicylic odd 




1 

25.7 

0 

34.8 


21.6 

0 

I 4.0 

1.0 

5} 

15.6 

1 

22.3 

I ” 

9.6 


I 6.6 



* (a) Salicylic acid, (b) acetylsalicylic acid. 
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WHOLE BLOOD 

, FLA5UA j 

1 

1 BED CELL WAXES 

PEXIXONEAL SALINE 

Jsr, 


mg. per cent salicylic acid 


2 ' 

1 23.3 

28.6 

15.9 

16.4 

5i 

18.6 

21.1 

14.2 1 

11.5 


water of the red cell and the peritoneal saline was satisfactory, but the possibility 
existed that equilibrium might not have been established in the time periods 
employed. In order to avoid a prolonged period the same experiment was 
repeated except that 1 hour after the injection of the sodium salicylate, saline 
containing 30 mg. per cent of sodium salicylate was injected intraperitoneally; 
this concentration was higher than the unbound salicylate in the plasma. Two 
hours after the injection of saline, blood and peritoneal saline were withdrawn. 
On analj’sis the concentration of salicylate (in mg. per cent salicylic acid) was 
found to be: whole blood, 2S.3; plasma, 30.0; red cell water, 19.6; and peritoneal 
saline, 19.2. 

This experiment, taken in conjunction vith the two previous ones, provides 
strong evidence that at cquilbrium salicj'latc is distributed throughout the non- 
protein extracellular vatcr in a concentration equal to its concentration in the 
water of the red cell, and therefore tliat of the ultrafiltrate of plasma. 

Discussion. From the distribution between plasma and red cells, cerebros- 
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pinal fluid, and peritoneal saline, there is no doubt that the equilibrium concen- 
tration of salicylate in these fluids is that of the ultrafiltrate of plasma. It is 
therefore logical to assume that the remainder of the extracellular water would 
also have at least this concentration. Penetration of the red cell by salicylate is 
no evidence of its distribution throughout the intracellular water. And since 
the portions of the axtracellular water not investigated here may contain as 
much as 4 per cent of protein (29), it is impossible to reach a decision from the 
data here as to whether the salicylate is distributed throughout the whole of 
the bodj' water or confined to the extracellular water. 

Renal excretion. In the kidney, salicylates are in part conjugated to form 
salicyluric acid and possibly glucuronides. Since, however, it has been impossi- 
ble to detect any endogenous conjugates in the circulating blood, the total salicyl- 
ate present in the urine may be taken as the value used for calculating the clear- 


TABI/E S 

Renal excretion of salicylate 


SUBJECT 

HOSE 

1 

UBJNABY 

VOLUME 

TOTAL SAUCYLIC 
ACID IS PLASMA 

USBOCND 
SALICYLIC ACID 
JK PLASMA 

CLEALAKCE 

tlita 

SiUci-Lte 



ec./min. 

me. Tc 

me. % 

u./nin. 

CC Inin. 

1 

1.63* 

1.95 

9.0 

i.sst 

5S 

56 

1 
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7.00 

S.7 

1.40t 

63 
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1.95* 

2.00 

8.1 

1.21§ 

79 

99 

2 

0.9S* 

1.30 

5.7 

0.S9t 

65 

46 

3 

s.oot 

2.33 

17.7 

9.60t 

71 

71 

3 

lO.OOt 

1.33 

i 12.5 

4.30t 

SO 

75 


• Acetylsalicylic acid, 
t Sodium salicylate to rheumatic patient, 
t From ultrafiltrate of plasma. 

§ From concentration in water of red cell. 


ance. Table 8 gives some representative clearance values found at different 
levels of salicylate in plasma. 

With the exception of the third experiment on Subject 1, the clearances indi- 
cate that salicj’late is excreted by glomerular filtration and tubular reabsorption, 
similar and practically equal to that of urea. In the third experiment an abso- 
lute increase of only a few tenths of a milligram per cent in the concentration ol 
unbound salicylate would decrease the clearance from 99 cc. per minute, as re- 
corded, to 79 cc. per minute, corresponding to the clearance of urea. A small 
absolute change in the concentration of unbound salicylate causes a large change 
in clearance; the possibility of eiTor in determining the unbound salicylate is 
greatly enhanced if the determination of this concentration is indirect, as in the 
tliird experiment on Subject 1, and at low total concentrations in blood an 


plasma. 

The means by which the urinary excretion is increased by bicarbonate ha' e 
not been studied, but from the 'vork presented here t"-o processes suggest them- 
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selves; 1) an increase in the unbound salicylate fraction in plasma; and/or 2) a 
decrease in the tubular reabsorption; both processes -would lead to an increase in 
the excretion of salicylate which would be reflected in an increased clearance 
rate in the latter case. 

Analgesia. Clinical observations indicate that the analgesia afforded by 
acetylsalicylic acid lasts from 1 to 4 hours, depending somewhat on the dosage. 
The concentration of total salicylate in plasma persists many hours beyond this 
time. The short duration of the analgesia corresponds to the shorter period of 
time during which acetylsalicylate is present in the plasma. In addition to this 
coincidence in time is the fact that acetylsalicylic acid usually is considered a 
more effective analgesic agent than sodium salicylate. Acetylsalicylate, there- 
fore, may, in ordinary therapeutic doses, be the effective analgesic agent. To 
obtain relief from rheumatic pain with sodium salicylate, the concentration of 
salicylate must be greater than 20 mg. per cent, that is, when the concentration 
of unbound salicylate becomes appreciable. With doses of 1 or 2 g. or less, the 
concentration of salicylate not bound to plasma may be below that necessaiy for 
analgesic action, whereas these doses of acetylsalicylic acid, by furnishing acetyl- 
salicylate to the plasma, may raise the concentration to a therapeutically 
effective level. 

If this hypothesis regarding the effective analgesic agent has validity, the simul- 
taneous administration of bicarbonate would have a beneficent effect in hastening 
absorption and therefore speeding the analgesia. Since the duration of anal- 
gesia is relatively short, a more rapid excretion of the salicylate caused by the 
bicarbonate would not be disadvantageous. 

CONCLUSIONS 

The absorption, distribution and excretion of salicylate after doses of ace- 
tylsalicylic acid in amounts up to 1.95 g. have been studied. 

Trom 52 to 75 per cent of the acetylsalicylic acid ingested is excreted in the 
unne in various forms. The time required for excretion ranges from some 15 
hours for doses of 0.33 g. to some 30 hours for 1.95 g. 

The maximum concentration of total salicylate reached in the plasma is of 
the order of 4 mg. per cent after doses of 0.65 g. and it varies approximately 
linearly with dosage. The administration of bicarbonate with acetj'lsalicylic 
acid increases the rate of absorption with a much earlier maximum concentration 
m the plasma but at about the same level; the bicarbonate also increases the 
rate of elimination of salicylate and hence the decrease in concentration after 
the maximum. 

Acetylsalicj'lic acid is rapidly hydrolyzed after absorption but up to a period 
of 1 to 2 hours as much as a quarter of the salicylate in the plasma may be in 
acetylatcd form. 

The accumulation of salicylate on repeated doses of acetylsalicylate is small. 

The protein of the plasma exerts a strong binding action on salicylate, but 
Ic.ss on acetylsalicylic acid. 

The ilistribution of salicylate between the plasma and red coll and the peri- 
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toneal saline and cerebrospinal fluid is determined by tbe unbound fraction in 
plasma water. 

The same fraction establishes the rate of elimination through the kidney. The 
clearance is similar and practically equal to that of inrea. 

The theory is advanced that the analgesic action of acetylsalicylate is exercised 
mainly by the unhj’^drolj'zed acetylated fraction in the plasma. 
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Fresh interest has been aroused in the study of the cellular response of the body 
to parasitic infections, because of the increasing recognition of the part played 
by the reticulo-endothelial system in the defense mechanism of the body against 
infections. Taliaferro (1) has shown that in protozoal disease, like malaria there 
is strong presumptive evidence for the belief that phagocj'^tosis and destruction 
of the parasites by the cells of the reticulo-endothelial system constitute the chief 
mechanism of defense of the body. In trypanosome infection, in particular, it 
has been shown by Taliaferro (1) that the reticulo-endothelial system is not only 
responsible for the formation of humoral antibodies which inhibit cell division 
of the parasites, but it also furnishes cells for the engulfing and digestion of these 
parasites. 

Gowe (2) has shown that in rabbits resistant to infection with Trypanosoma 
equiperdum, there was a significant increase in the relative per-centage and total 
number of monocytic cells of the body prior to crisis. On the other hand, non- 
resistant rabbits and rats showed no such increase and promptly succumbed to 
infection, in spite of the very marked increase in relative and absolute numbers of 
polymorphonuclear leucocytes. Poindexter (3) observed that from the first to 
the fourth week of infection with Trypanosoma lemsi, rats showed from 16 to 35 
per cent of large monocytes. This increase in monocytes is believed to be respon- 
sible for the resistance of rats to T. lewisi infection. 

Most studies hitherto with antimonials in trypanosomiasis have been concerned 
solely with their therapeutic effect. Literature concerning the effects of these 
drugs on the blood and hematopoietic organs during the course of infection is 
lacking. Zia and Forkner (4) gave daily intravenous injections of neostibosan to 
normal rabbits (total doses 2.40 to 4.79 mgm.) and did not observe an appreci- 
able change in the w'hite blood corpuscles of the test animals. Pan (6) gave re- 
peated injections of lopin and neostibosan to normal rabbits and observed no 
appreciable hematological changes 

The present study was undertaken to determine the effects of two antimony 
compounds on the blood in experimental trypanosomiasis. For this purpose, 
neostibosan (mctachlor-paracetylaminophenj’l stibiate of sodium) and neostam 
(nitrogen glucoside of paraminophcnyl stibinate of sodium) were chosen because 
of their wide applicability as therapeutic agents for kala azar, their wide try- 

^ A tuiUier consideration ol this investigation in relation to data on the leucocyte picture 
in e\pcrimental trypanosomiasis after adrenalin injection will bo presented m a subsequent 
paper by the authors 
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panocidal actinty and our interest in these drugs through studies of other 
pharmacological properties. 

Method. rourgroupsofrats-wereusedinthesee.xperirQents. Thefirstgroup 
consisted of five normal rats. The second group consisted of five rats infected 
vdth Trypanosoma equiperdum. The third and fourth groups of rats consisted of 
ten rats infected with T. equiperdum and treated with neOstibosan and neostam 
respectively. The method of treatment consisted of injecting into the muscles 



Fig. 1. Total Leucoctte Changes in Rats Treated with Neostibosan and Neostam, 
Untreated and Normal Rats 

, T. equiperdum infection treated with neostibosan. 

— ... — ,T. equiperdum infection treated with neostam. 

, r. equiperdum infection without treatment. 

, normal rats. oi 

The drugs were administered on the 4th day after infection (see arrow in this ngure;. 
SO mgm. of drug given intramuscularly. Total and differential leucocyte counts were mao 
prior to the administration of the drugs on that day. The animals were inooulalea wi 
trypanosomes on 0-day. Total and differential leucocyte counts were made before ino 
lation. 

of the thigh 50 mgs. of neostibosan or neostam at the height of infection, generally 
four days after infection. In view of the interesting results of Zia and Forkner 
(4) and Pan (5) we considered superfluous the running of another control senes 
with administration of neostibosan and neostam to normal rats. 

The degree of infection was determined daily by the examination of the Woo 
of the animals. A drop of tail blood was placed upon a slide and^ covered vit a 
coverslip. This preparation was e.xamined under the oil immersion objective o 
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the microscope. Examinations of each blood were made prior to infection and 
at twenty-four hour intervals after infection and administration of the drugs 
until the animals died or recovered from the infection. The same procedure was 
employed in the examination of blood from the normal rats. The blood was ob- 
tained from the rat’s tails. The blood examinations consisted of total white 
blood cell and differential counts of the leucocytes. Leucocyte counts were made 
on blood diluted in certified Neubauer white pipettes using two per cent acetic 
acid to which were added a few cr 3 'stals of gentian violet as diluting fluid. Each 
count was repeated twice to insure accuracy. Dried blood films were prepared 



Fig. 2. Monocytic Changes in Rats Treated with Neostibosan and Neostah, 
Untreated and Normal Rats 
T cquiperdum infection treated with neostibosan. 

, T equtperdum infection treated with neostam. 

~ T equtperdum infection without treatment. 

, norntal rats 

The drugs were administered on the 4th day after infection (see arrow in this figure). 
eO mgtn. of drug given intrarouscuiarly . Total and differential leucocyte counts were made 
pnor to the administration of the drugs on that day The animals were inoculated with 
trjpanosomcs on 0-day Total and differential leucocyte counts were made before inocu- 
lation. 


on .slides for the differential counts and stained by modified Wright’s stain (6). 
Duplicate counts of 100 cells each w ere made and the average i ecorded. Neutro- 
phils, Ij-mphocj’tcs, monocj'tes, basophils and eosinophils were differentiated. 
The animals were conditioned by repeated handling before the experiments were 
started in order to avoid “emotional stnigglc” which is know to produce leucocj'- 
fosis in rats. 

Results. The results of the experiments are summarized in figures 1, 2, 3, and 
4. Figure I gives the data of the total Icucoci'tc counts in four groups of rats. 
Figure 2 gives the monocyte counts, figure 3 the neutrophil counts and figure 4 
the lymphocyte counts, in por-centages. 
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The total leucocyte counts: The results of the total leucocyte counts show that 
in normal rats the variations from day to day under conditions of our experiments 
were not verj' significant. It is evident, however, that counts from indiwdual 
rats varied from the average, but the individual variations were not statistically 
significant. Rats infected ^wth T. equiperdum showed diminution in the num- 
ber of total leucocytes. This was evident from the second day after infection. 
The average life of rats was sLx days. Those rats whose blood was examined 
at the terminal stage of infection showed premortal leucocytosis. Such counts 



Fig. 3. Polymorphonuclear Neutrophilic Changes in Rats Treated with 
Neostibosan and Neostam, Untreated and Noraial Rats 

, T. equiperdum infection treated with neostibosan. 

— . — , T. equiperdum infection treated with neostam. 

,T. equiperdum infection without treatment. 

, normal rats. 

The drugs were administered on the 4th day after infection (see arrow in this figure). 
50 mgm. of drug given intramuscularly. Total and differential leucocyte counts were 
made prior to the administration of the drugs on that day. The animals were inoculated 
with trypanosomes on 0-day. Total and differential leucocyte counts were made before 
inoculation. 

were discarded. Both groups of rats infected with T. equiperdum and treated 
tvith neostibosan or neostam four days after infection, showed marked leucocy- 
tosis. This was not etddent until twenty-four hours after the administration 
of the drugs. 

The differential counts; The lymphocytes, pol 3 ’^morphonucIear neutropliils, 
monoC3'tes, basophils and eosinophils did not show significant variations from 
day to day determinations in normal rats. Our results are in agreement with 
the obsenmtions of other investigators (7). In rats infected with T. equiperdum, 



LEUCOCYTE CHANGES IN TRYPANOSOMIASIS 


347 


the differential counts showed a decrease in lymphocyte per-centage and increased 
polymorphonuclear neutrophil per-centage. These results are in agreement 
with the observations of Gowe (2). There was a significant decrease in mono- 
cyte per-centage. In rats infected with T. eguiperdum and treated -with neo- 
stibosan or neostam, the difierential counts reveal that prior to treatment, after 
the counts were taken on the fourth day after infection, there was a decrease in 
lymphocyte per-centage, an increase in polymorphonuclear neutrophil per-centage 



Tig 4 Ltmfhocite Chasces in Rats Treated with Nbostibosan and Neostam, 
Untre ated and Normae Rats 
T cqxiiperdum infection treated with ncostibosan. 

T equipcrdiim infection treated nith neostam. 

- T. equiperdum infection without treatment 
, normal rats 

The druRs were administered on the 4th day after infection (sec arron in this figure). 
50 mgm of drug given intramuscularlj Total and differential leucocyte counts were 
made prior to the administration of the drugs on that day. The ammals nere inoculated 
mlh trypanosomes on 0 day Total and differential leucocyte counts were made before 
inoculation. 


and a decrease in monocyte per-centage. Following treatment, how ever, the lym- 
phocyte per-centage increased u ith a decrease in polymorphonuclear neutropliil 
per-centage while the monocytes increased. The increase in the monocytes 
was more than 100 per cent. 

Ihc changes in the basophils and eosinophils, in all cases, w ere not very signif- 
icant. 

Discussion It will be seen from figures 1, 2, 3 and 4 that the curves for neo- 
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stibosan and neostam folJo«- similar trends. There was an appreciable change 
in all cases, in total leucocyte as well as differential counts, after the adminis- 
tration of the drugs. It is ob'vious from our results that as a result of trj^pano- 
some infection in rats without any manifestation of resistance, the animals were 
unable to effect a crisis. The monocyte per centage decreased and was abnor- 
mallj^ low until death. On the other hand, however, in those animals treated 
neostibosan or neostam, the depleted monocytes greatly increased twentj'-four 
hours after the administration of the drugs. 

Taliaferro (8) and Linton (9) have discussed and renewed the importance of 
the reticulo-endothelial system in trypanosome infections. Gowe (2) and Poin- 
de.\'ter (3) have shown that an increase in the number of monocytic cells occur 
after infection and ma}' help in antibody production in animals which do not 
succumb to infection. No e^ddence has been produced to show that monocjdo- 
sis is the only basis of resistance to trypanosome infection. 

Chemotherapeutic agents as arsenicals and germanin (Bayer 205) have been 
shovm to depend for their action on the co-operative function of the reticulo- 
endothelial cells (Jungeblut (10); Reiner, Leonard, and Chao (11); von Jansco 
and von Jansco (12); and Voegtlin and Thompson (13); Culbertson (14)). 
■RTieu these cells are blockaded with India ink or when an animal is splenec- 
tomized and thereby deprived of a large and rich supply of the reticulo- 
endothelial tissue, specific arsenical or germanin suffer severe impiairment of 
function. To these drugs, neostibosan and neostam (antimonials) can now be 
added. Our present information, from the results of our e.\periments seems to 
show that the monocytes are scavengers and play an adjunctive role by com- 
pleting the destruction of trypanosomes after they have been rendered -imlner- 
able by the drugs. 


SUilMARY 

1. In rats which show no resistance to infection with Trypanosoma equiperdum, 
the most characteristic change in the leucocyte picture is a decrease in tympho- 
cyte per-centage, increase in polj'morphonuclear neutrophil per-eentage and a 
decrease in monocyte per-centage. 

2. Rats infected with T. equiperdum and treated with neostibosan or neostam 
showed increased monocyte per-centage, decreased polj’^morphonuclear neutro- 
phil per-centage and increased lymphocj’tes, after treatment. 

3. It is suggested that the increased monocytes plaj’^ adjunctive role in respect 
to the drugs (neostibosan and neostam) bj' completing the destruction of trj'- 
panosomes after thej' have been rendered vulnerable b}"^ the drugs. 
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It has been previously reported from this laboratorj’’ (1) that ventricular 
fibrillation, following injection of a large dose of posterior pituitarj^ extract in 
the phenobarbitabzed dog, can be prevented by previous administration of 
various coronary dilator agents. It was suggested that this effect was due mainly 
to a partial or complete prevention of the coronary constrictor action of the 
extractor. 

During the course of recent experiments concerning the effects of atabrine on 
the heart, it was observed by Babkin and the writer (2) that atabrine induces 
marked coronary dilatation in the isolated perfused rabbit heart. It was also 
observed that atabrine induces a partial or complete paralysis of the cardio- 
inhibitory vagal response to electrical stimulation in dogs under pentobarbital 
anaesthesia. 

In view of the above findings it was of interest to test the effects of atabrine 
on ventricular fibrillation induced by different procedures. The object of this 
paper is to present the results which were obtained from such an investigation in 
connection with chloroform-adrenaline ventricular fibrillation. 

Methods. Dogs anaesthetized with pentobarbital sodium (nembutal) 40 mgm. per 
kgm., were used. A tracheal cannula was inserted, and artificial respiration maintained 
throughout each experiment, using a Starling pump. 

The administration of chloroform was carried out by connecting the chloroform bottle 
with the inlet of the artificial respiration circuit (close to the tracheal cannula) . The quan- 
tity of chloroform administered was adjusted so that there was only a alight fall in blood 
pressure. After 5 minutes of administration a dose of 0.02 mgm. per kgm. of adrenaline 
in 1 cc. of distilled water was injected intravenously and the chloroform discontinued one 
minute later in most e.xperiments. Such a procedure regularly induced ventricular fibrilla- 
tion in the pentobarbitalized dog. 

The influence of atabrine was tested either (a) by making a quick single injection in the 
usual manner just prior to or during the chloroform administration, or (b) by slow pro- 
longed intravenous infusion of the solution at a fixed rate of 5 mgm. per cc. per minute. 
The latter procedure had the advantage that much larger quantities of the drug could be 
emplo 3 ’ed without any apparent deleterious effect on blood pressure, which invariabl} 
showed a fall when the more rapid administration of the drug was emploj’ed. A O.S/c 
solution of atabrine hydrochloride in physiological saline was used in all experiments. 

The blood pressure was recorded directly from a common carotid artery, and electro- 
cardiograms (Lead II) taken at frequent interx'als during the course of several experiments. 

The influence of vagotomj' or atropinization upon the chloroform-adrenaline response 
after atabrine was also similarly studied. 

All injections were made into an exposed femoral vein. 

Results. In table 1 are summarized results of several experiments in which 
the influence of a single injection of atabrine upon chloroform-adrenaline 

350 



ATABRINE ACTION ON VENTHICULAH FIBHILBATION 


351 


ventricular fibrillation was tested. As can be seen, in expts. 1, 2, 3 and 4, when 
no atabrine or an insufficient dose was employed, ventricular fibrillation occurred 
in all four experiments following the first chloroform-adrenaline administration. 

table 1 


Injluencc of a single injectton of atobfine upon chloroform-adTenaline ventricular 
fibrillation in dogs 


EXPT. 

no. 

ViT. 

DOSE OF 
ATABMNE 

TlifX or INJECTION IN 
XESPECT TO CHLOBOFOBit 

EFFECT OF TXEST 
CHEOBOFOUl- 
ADSENALINE* 

EFFECT OF S'OESEQXTENT 
REPETITIONS OF 
CnEOROFOKU ADRENALINE 


kgm. 

mgm /kgm. 




1 

19.7 

none 


fibrillation 


2 


none 


fibrillation 


3 



2 min. after start 

fibrillation 


4 

4.4 1 

2.S 

2 min. after start 

fibrillation 


5 

7.2 

5.0 

1 min. after start 

no fibrillation 

20 min. later fibrillation 

6 


S.O 

4 min. after start 

no fibrillation 

15 min. later fibrillation 

7 

8.3 

5 0 

1 min before start 

no fibrillation 

10 min. later fibrillation 

8 

11.3 

5.0 

2 min. before start 

no fibrillation 

10 min. later fibrillation 

9 

6.4 

S.O 

3 min. before start 

no fibrillationf 

10 min. later fibrillation 

10 

S.O 

5.0 

5 min. before start 

fibrillation 



* S minutes of chloroform followed by injection of adrenaline (.02 mgm./kgm.) 
t Adrenaline was injected after 3 minutes of chloroform in this experiment (see fig. J) 


TABLE 2 


Influence of prolonged intravenous administration of atabrine upon chloroform-adrenaline 
ventricular fibrillation in dogs 


EXPT. 

NO. 

WT. 

TOTAL 
DOSE or 
ATABRINE 

mCE OF 
INJEC' 
TION 

EFFECT OF FIRST 
CNLOSOFORII'ADRENALINE* 

EFFECT or SOBSZQUENT REPEXITTONS 
or CHIOROrORV-ADRENALZNE 


kgm. 

mgm /kgm 

rnift 



1 

11.6 

2.10 

5 

fibrillation ! 


2 1 

8.7 

2.87 

5 

fibrillation 


3 

13.7 

9.90 

27 

no fibrillation 

10 min. later fibrillation 

4 

11.9 

11.34 

27 

no fibrillation 

10 min. later fibrillation 

5 

10.6 

12.26 

26 

no fibrillation 

(a)10 min. later no fibrillation 






(b)10 min. later fibrillation 

6 

13.1 

12.40 

30 

no fibrillation 

15 min. later fibrillation 

7 

12.6 

19.70 

SO 

no fibrillationt 

10 min. later fibrillation 


* 6 minutes of chloroform and adrenaline (.02 mgm /kgm ) were administered just before 
the end of the atabrine injection. 

t In this experiment, two unsuccessful attempts were made during the atabrine injec- 
tion (see fig. 2). 

On the contrarj', in e.\pts. 5, 0, 7, 8 and 9 when a dose of 5 mgm. per kgm. of ata- 
brinc was injected inti avcnously either shortly before (1 or 2 minutes) or during 
the ehloroform administration, a similar injection of adrenaline induced no 
fibrillation. Furthermore, in each of these experiments, when the chloroform- 
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adrenaline administration was repeated after an interval of 10 to 20 minutes 
ventricular fibrillation occurred in every case. The effect of atabrine is there- 
fore rather transitory, and indeed, in experiment 10, when a similar dose of ata- 
brine was given 5 minutes before the chloroform was started, i.e., 10 minutes 
before the adrenaline injection, there was no evidence of protection and 
fibrillation ensued. 

In view of the transitory effects of atabrine in the above experiments, we were 
curious as to whether or not this protection could be prolonged by slow con- 
tinuous administration of larger doses of the drug. In table 2, are summarized 
results of several such experiments. Here again experiments 1 and 2 show that 
with insufficient dosages of atabrine ventricular fibrillation ensued upon the first 
chloroform-adrenaline administration. On the contrary, in experiments 3, 4, 5, 
6, and 7, when total doses of 9.9 to 19.7 mgm. per kgm. of atabrine were injected 
at a slow rate, i.e., 5 mgm. of atabrine per minute, there was no fibrillation with 
chloroform and adrenaline, but again after 10 to 20 minutes following the cessa- 
tion of the atabrine infusion, the administration of chloroform and adrenaline as 
before induced fibrillation in every instance. There was therefore no significant 
prolongation of the protective action of atabrine, despite the high dosages 
employed. More will be said about this later. 

In figures 1 and 2 are reproduced e.xamples of the blood pressure changes which 
were observed in these two groups of experiments. These figures are self- 
explanatory, and need no further comment. 

More or less similar results were obtained in several other experiments of the 
same types in which the animals were previously double vagotomized or 
atropinized. 

It should also be added that all attempts to restore the fibrillating ventricle 
b 3 ' intracardiac injections of atabrine and subsequently massaging the heart for 
several minutes, were unsuccessful. It was nevertheless possible to protect the 
heart against fibrillation by injecting atabrine and adrenaline at the same time. 
Thus, in figure 3, are shown results of two such experiments, in which when a dose 
of 2.5 mgm. per kgm. of atabrine was mixed with 0.02 mgm. per kgm. of adrenal- 
ine, and the mixture injected (A and Al) during chloroform administration, there 
was no evidence of ventricular fibrillation. There was a prompt rise in blood 
pressure in each instance. 

Electrocardiographic Observations. In view of the intense adrenaline 
effectsresultingfrom thelargedoses employed in theabove experiments, and their 
possible complicating influence upon the electrocardiograms, it was thought that 
a studj' of the effects induced bj' smaller doses might simplifj'’ the electrocardi- 
ographic alterations and perhaps throw some light upon the mechanism of this 
protective action of atabrine. In figures 4, 5, 6 and 7 are shown results from 
two such experiments. In each of these a dose of .002 mgm. per kgm. of adrenal- 
ine was employed. It should be stated that such a dose of adrenaline was often 
quite sufficient to induce ventricular fibrillation during chloroform although this 
did not occur in everj’ instance. The associated blood pressure changes are also 
shown in each of these experiments. 
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Fig. 1. Dog, female, 6.4 kgm Sodium pentobarbital anesthesia. Artificial respiration. 
Blood pressure tracing. A— atabrine hj'drochloride (5 mgm. per kgm.). B and Bl— 
adrenaline (.02 mgm. per kgm.) 



I i(i „ Dog, male, 12 0 kgm Sodium pentobarbital anesthesia .krtifieial respiration. 
Blond pressure tracing From .V to F (50 minutes) atabrine liydrochlonde (5 mgm per ce. 
per min ) nas mjerted— IS. C, and E — 10, 20, and 10 minutes respectively, after atabrine 
Mas started D, Dl and D2— adrenaline ( 02 mgm per kgm I Vn interval of 15 minutes 
olnp^cd between niid and an interval of 10 minutes between Dl and G 
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Fig. 3. Fjpf. /. Dog, male, 5.3 kgm. Sodium pentobarbital anesthesia. ■■Vrtificial 
respiration. Blood pressure tr.ieing. .At .A, a mi\ture of 2.5 mgm. per kgm. of atabrine 
hydrochloride and 0.02 mgm. per kgm. of adrenaline, was injected. 

Expl. 3. Dog, female, 4,75 kgm. Sodium pentobarbital anesthesia. .Artificial respira- 
tion. Blood pressure tracing. At .A, a mi.\ture of 2.5 mgm. per kgm. of atabrine hydro- 
chloride and 0.02 mgm. per kgm. of adrenaline was injected. 
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\, AI, and .\2. adrenaline 

(.002 mgm. per kgm.) \\as injected, and at B, atabrine hydrochloride (Smgms. per apm-'y 
interval of 15 minutes elapsed betueen .V and .AI, and both vagus nerves were cu 


Fio. 4. Dog, male, ll.S kgm. Sodium pentobarbital anesthesia. 
Blood pressure tracing and elect rocardiograms (Lead ID. .\t 


minutes* before .AI. .Aii interval of 15 minutes elapsed between .\1 and B. 
grams were taken at nos. 1 to 9. 
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Fio. 6. Conlimmlion of experiment slionn in fiR 5 An interx-al of 15 minutes elapsed 
between (m iir. S) and A1 Atropine sulfate (10 mem ) was injected 10 minutes before 
1 non ■" 'odroeliloridc (5 mgm per kpm ) was repeated, and at Bl, adrenaline 

t 1X1. inpm per kRm ). Kleclroeardiograms were taken at nos S to 14 (no 13A is a con- 
tinuation of no 13). 


•-110111(1 lie ‘-tatctl that in all of these expciimonts cleetrocardioKranis were taken 
(hiring the entire period covering the blootl picsstire ri«c The sections show n in 
the figures were taken from the early segments of these records. Examinations 
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of records nos. 2 and 4, show that there was no significant difference in these 
early changes due to vagotomy. Thus, in both instances, there was an initial 
suppression of the P waves associated with increased T wave negativity. 
These effects were soon followed however, by reappearance and progressive 
heightening of the P waves and reversion of the T waves to a positive state. 
Later, in the same experiment, repetition of adrenaline (A2), after previous 
injection of atabrine (B) and during chloroform induced a similar pressor 
response, but the electrocardiograms (no. 9) showed little or no evidence of the 
initial alterations described above. Thus, the P wave was never suppressed, 
and there was no evidence of any increased T wave negativity. 



Fig. 7. Continuation of experiment shown in fie. 4. .\.n interval of 20 minutes elapsed 
between .42 (in fig. 4) and A3. .At .A3, adrenaline f.002 mgm. per kgm.) was repeated. -An 
interval of 20 minutes elapsed between A3 and .At, and at .At adrenaline ( 02 mgm per tgm ) 
was injected. Electrocardiograms were taken at nos 10 to 17 (nos 12a and 16a, are respec- 
tively continuations of nos. 12 and 16). 

Figures 5 and 6, confirm these latter observations, both in the animal with the 
vagi intact (fig. 5) and after previous injection of atropine (fig. 6). Thus, in 
both instances, injection of .002 mgm. per kgm. of adrenaline (B, fig. 5 and Bl, 
fig. G) after atabrine and during chloroform administration as shown, induces 
the usual pressor response, but there was complete absence of the early P and T 
waves changes observed with adrenaline alone. The electrocardiograms nos. 6 
(fig. 5) and 13 (fig. 6) were of a uniform normal appearance. The continuations 
of these records (nos. 6A and 13.A respectively) show in addition the appearance 
of several extrasystoles in the normal animal but these were not in evidence 
after atropinization. 
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Finally, figure 7, -whicli is a continuation of the experiment shown in figure 4, 
shows contrastingly the effects of a similar dose of adrenaline (A3), during chloro- 
form administration without atabrine. Thus, there is again early P wave sup- 
pression associated with increased T wave negativity (no. 12), followed by reap- 
pearance of the P wave and return of the T war^e to a positive state (nos. 12A 
and 13). A few extrasystoles are seen (no. 12A). IVhen a large dose of adren- 
aline (.02 mgm. per kgm.) was later injected under similar conditions, these 
characteristic early alterations in the form of the electrocardiogram are even 
more strikingly seen (no. 16), and were now followed by several extrasystoles 
and ventricular fibrillation (nos. 16A and 17). There was no evidence of any 
reversal of these early changes. 

In addition to the above-described effects of adrenaline, the figures also show 
that the form of the electrocardiogram is not greatly affected by atabrine. Thus, 
as shown in fig. 5 (nos. 2 and 3), foUorving injection of atabrine in the normal 
animal, during the fall of blood pressure, the heart rate was slightly accelerated 
and the T waves were more rounded than in the control (no. 1) and slightly 
notched. After atropinization (fig. 6 nos. 9 and 10), and again, after double 
vagotomy (fig. 4, nos. 6 and 7), the effects of atabrine were rather similar except 
that there Avas no er'idence of cardiac acceleration. 

In all of the above experiments chloroform induced slight bradycardia asso- 
ciated’almost inAmriably with flattening of the T AvaA'es (fig. 5, nos. 4 and 5 and 
fig. 6, nos. 11 and 12). In figure 4 (nos. 7 and 8) the T aa-ra'c showed a slight 
terminal negathity. 

Discussion. The above results shoAA- clearly that the intravenous injection of 
atabrine can protect dogs from chloroform-adrenaline ventricular fibrillation and 
death. This protectir'e action also occurs after double A’agotomy or atropini- 
zation. This effect of atabrine is however exceedingly transitory eA^en Avhen 
quantities of the drug are sloAvly injected into the circulating blood. In this 
connection, it should be stated that it is knon n that atabrine disappears A’erj^ 
rapidly from the blood of man after oral administration (3) and Dearborn, 
Kelsey, Oldham and Ceiling (4) haA'e shoAAm that following prolonged daily oral 
administrations of atabrine to dogs, despite the fact that the daily excretion Avas 
only 4% of the dailj’ dose and there AA-ere high concentrations of atabrine in 
other body tissues, only minute quanitities (aA'erage 0.5 mgm. per litre) could be 
detected in the blood at any time. This fleeting protecth'e effect of atabrine 
might therefore be due to its rapid removal from the blood stream. 

The data do not permit any definite conclusions concerning the mechanism of 
this phenomenon. Indeed, the mechanism of chloroform-adrenaline A'entricular 
fibrillation is still obscure. It is of interest lioAieA'er to discuss certain 
possibilities. 

Since it is know n that atabrine induces coronarj' dilatation, and it has been 
show n m earlier studies that A'arious other coronary dilator agents can prevent 
pituitarj' ventricular fibrillation in phenobarbitalized dogs, tlie question arises 
whether this protective action might not also be due to a similar mechanism. 
Indeed, Dautrebande and Charlier (5), have obscrA’cd that caffeine, amyl nitrite 
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of records nos. 2 and 4, show that there was no significant difference in these 
early changes due to vagotomy. Thus, in both instances, there was an initial 
suppression of the P waves associated with increased T wave negativity. 
These effects were soon followed however, by reappearance and progressive 
heightening of the P waves and reversion of the T waves to a positive state. 
Later, in the same experiment, repetition of adrenaline (A2), after previous 
injection of atabrine (B) and during chloroform induced a similar pressor 
response, but the electrocardiograms (no. 9) showed little or no evidence of the 
initial alterations described above. Thus, the P wave was never suppressed, 
and there was no evidence of any increased T wave negativity. 



Fig. 7. Continuation of evperiment shown in fig 4 An interval of 20 minutes elapsed 
between .42 (in fig. 4) and A3 -At A3, adrenaline ( 002 mgm per kgm ) was repeated An 
interval of 20 minutes elapsed between A3 and A4, and at .At adrenaline ( 02 mgm. per kgm ) 
lias injected Electrocardiograms ii ere taken at nos 10 to 17 (nos 12a and 16a, arc respec- 
tively continuations of nos 12 and 16). 

Figures 5 and 6, confirm these latter observations, both in the animal with the 
vagi intact (fig. 5) and after previous injection of atropine (fig. 0). Thus, in 
both instances, injection of .002 mgm. per kgm. of adrenaline (B, fig. 5 and Bl, 
fig. 6) after atabrine and during chloroform administration as shown, induces 
the usual pressor response, but there was complete absence of the early P and T 
waves changes observed iiith adrenaline alone. The electrocardiograms nos. 6 
(fig. 5) and 13 (fig. 6) were of a uniform normal appearance. The continuations 
of these records (nos. 6A and 13A respectively) show in addition the appearance 
of several extrasystoles in the normal animal but these vere not in evidence 
after atropinization. 
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Finally, figure 7, which is a continuation of the experiment shown in figure 4, 
shows contrastingly the effects of a similar dose of adrenaline (A3), during chloro- 
form administration without atahrine. Thus, there is again early P wave sup- 
pression associated with increased T wave negativity (no. 12), followed by reap- 
pearance of the P wave and return of the T wave to a positive state (nos. 12A 
and 13). A few extrasystoles are seen (no. 12A). When a large dose of adren- 
aline (.02 mgm. per kgm.) w-as later injected under similar conditions, these 
characteristic early alterations in the form of the electrocardiogram are even 
more strikingly seen (no. 16), and were now followed by several extrasystoles 
and ventricular fibrillation (nos. 16A and 17). There was no evidence of any 
reversal of these early changes. 

In addition to the above-described effects of adrenaline, the figures also show 
that the form of the electrocardiogram is not greatly affected by atabrine. Thus, 
as shown in fig. 5 (nos. 2 and 3), foUowdng injection of atabrine in the normal 
animal, during the fall of blood pressure, the heait rate was slightly accelerated 
and the T w'aves were more rounded than in the control (no. 1) and slightly 
notched. After atropinization (fig. 6 nos. 9 and 10), and again, after double 
vagotomy (fig. 4, nos. 6 and 7), the effects of atabrine were rather similar except 
that there was no evidence of cardiac acceleration. 

In all of the above e-xperiments chloroform induced slight bradycardia asso- 
ciated almost invariably with flattening of the T waves (fig 5, nos. 4 and 6 and 
fig 6, nos. 11 and 12). In figure 4 (nos. 7 and 8) the T w’ave showed a slight 
terminal negativity. 

Discussion. The above results show clearly that the intravenous injection of 
atabrine can protect dogs from chloroform-adrenaline ventricular fibrillation and 
death. This protective action also occurs after double vagotomy or atropini- 
zation. This effect of atabrine is however exceedingly transitory even when 
quantities of the drug are slowly injected into the circulating blood. In this 
connection, it should be stated that it is known that atabrine disappears very 
rapidly from the blood of man after oral administration (3) and Dearborn, 
Kelsey, Oldham and Ceiling (4) have shown that following prolonged daily oral 
administrations of atabrine to dogs, despite the fact that the daily excretion was 
only 4% of the daily dose and there w'ere high concentrations of atabrine in 
other body tissues, onlj’- minute quanitities (average 0.5 mgm. per litre) could be 
detected in the blood at any time. This fleeting protective effect of atabrine 
might therefore be due to its rapid removal from the blood stream. 

The data do not permit anj' definite conclusions concerning the mechanism of 
this phenomenon. Indeed, the mechanism of chloroform-adrenaline ventricular 
fibrillation is still obscure. It is of interest however to discuss certain 
possibilities. 

Since it is know n that atabrine induces coronarj' dilatation, and it has been 
show 11 in earlier studies that various other coronarj' dilator agents can prevent 
pituitarj' ventricular fibrillation in phenobarbitalized dogs, the question arises 
w hether this protective action might not also be due to a similar mechanism. 
Indeed, Dautrebande and Charlier (5), have observed that caffeine, amj'l nitrite 
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and sodium nitrite protect the heart against benzol-adrenaline ventricular fibril- 
la .on. These authors however consider this protection tobe duetotheperipheral 
vasodilatation induced by these agents preventing the rise in blood pressure 
with adrenaline. One of the striking characteristics in chloroform-adrenaline 
Ventricular fibrillation is, that it is associated with an abrupt rise in blood pressure 
and most investigators, including Levy (6), Bouckaert and Heymans (7), Shen 
(8, 9), and Shen and Marri (10), regard the rise in blood pressure following injec- 
tion of adrenaline as the important factor in the production of chloroform- 
adrenaline ventricular fibrillation. 

It is obvious from the above studies that in the presence of atabrine the blood 
pressure rise light be just as abrupt as in the untreated animal, but fibrillation 
does not occur. Hence the rise in blood pressure per se cannot be regarded as 
the initiating factor in this phenomenon. 

Examination of the electrocardiograms taken during the adrenaline rise in the 
pentobarbitalized dog shows characteristic variations in both P and T waves 
concomitant with the rise in blood pressure. These changes are markedly 
accentuated in the presence of chloroform, but can be prevented to a large extent 
by administration of atabrine prior to or during chloroform. It would appear, 
therefore, that some action on the heart, of which these alterations are a measure, 
might be responsible for the onset of fibrillation. liTiether or not these are due 
to alterations in coronary flow or to other changes in the heart cannot be definitely 
stated. 

It is of interest to note however, that while there are abundant data in the 
literature to indicate that adrenaUne induces mainly coronary dilatation in the 
dog’s heart, Brodie and CuUis (11) observed several yeai-s ago, that in the isolated 
perfused rabbit’s heart a small dose of adrenaline induces a brief initial coronary 
constriction followed by dilatation. More recently, in coronary perfusion e-xper- 
iments on the dog’s heart inactivated by producing ventricular fibrillation, Katz, 
Lindner, Weinstein, Abramson and Jochim (12) also observed that adrenaline 
frequently induces a transitory coronary constriction followed by coronary 
riilatation. Most other investigators have concluded that adrenaline induces 
only coronary dilatation in these species. 

Furthermore, it should be emphasized that chloroform-adrenaline fibrillation 
alwaj's occurs vith extreme rapidity, generally within 30 seconds after the 
intravenous inj ection of adrenaline. Indeed, its development is contingent upon 
some early or immediate effect of adrenaline on the heart, which is not in evidence 
later. Thus, Shen and Marri (10) found that the inirapericardial injection of a 
large dose of adrenaUne does not induce ventricular fibrillation during benzol 
administration, despite the fact that the blood pressure gradually rose to a high 
level. Moreover, in two e.xperiments which the author recently carried out 
under conditions similar to those described above, it was observed that durmg 
prolonged continuous intravenous injection of adrenaline (.02 mgm. per k^- 
per min.) the superimposed administration of chloroform for five minutes, failed 
to induce fibrillation although the blood pressure was being maintained at over 
200 mm. of mercury throughout. Indeed, the fact that the electrocardiograms 



ATABEINE ACTION ON TENTKICOLAR ITBHILI/.WION 


359 


taken during the adrenaline rise show marked early alterations in both P and T 
waves which are different from those observed later, suggest that these initial 
effects are due to a different mechanism. 

In view of the above observations, the possibility is suggested that this pro- 
tective action of atabrine might involve primarily changes in coronary blood 
flow. Thus, it is conceivable that the coronary dilator action of atabrine 
might offset either an initial reduction in coronary flow or some impairment in 
myocardial nutrition, induced by adrenaline imder the conditions described. 
This however, is purely hypothetical, and the problem is being further in- 
vestigated. 


SUMMARY 

It is shown that intravenous injections of atabrine hydrochloride can prevent 
the development of ventricular fibrillation following injection of adrenaline 
during chloroform administration in dogs anesthetized with pentobarbital. This 
protective action of atabrine is also demonstrable after atropinization or 
vagotomy. 

Electrocardiograms taken during the rise in blood pressure following injection 
of adrenaline in the pentobarbitalized dog, show characteristic early diphasic 
alterations in both P and T waves. These alterations are accentuated if chloro- 
form is being administered, but under similar conditions are antagonized by 
atabrine. 

The possibihty is suggested that this protective action of atabrine is primarily 
a coronary phenomenon. Thus, atabrine (a coronarj' dilator agent) might 
offset either an initial reduction in coronary blood flow or some impairment in 
myocardial nutrition, induced by adrenaline under the conditions described. 
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Introduction. At the time this study was initiated, atabrine was being used 
as a malarial suppressive because it was the only effective drug available in large 
quantities, but little was known with regard to the relationships between dosage 
and plasma levels and between these factors and the minimal protective 
plasma levels. As regards the first of these relationships, studies just being 
completed at that time and since published (1) have demonstrated that the 
blood plasma levels obtained with similar doses may vary considerablj' from 
individual to individual. The present report is an extension of our knowledge 
concerning the relationship between dosage and plasma levels after the 
administration of atabrine. 


Procedure. The untoward reactions associated with tlie various doses of atabrine 
used in the present study have been reported previously (2) . Tlie subjects were all student 
medical officers unless otherwise noted. The drug was given always after the noon meal. 
If the drug was given twice a day, it was given after lunch and again after dinner. AH blood 
samples were taken immediately after lunch but before the noon dose of the drug. Potas- 
sium o.xalate was used as an anticoagulant. The method for the determination of atabrine 
was that of Brodie and Udenfriend (3). The only variation was the use of five cc. samples 
and duplicate determinations. The number of subjects used and the doses employed in 
each group were as follows; Group A — Nineteen men received 0.05 grams of atabrine twice 
a day for five days and after that 0.05 grams daily for a total of eight weeks. Group B 
Each of this group of twenty men was given a single 0.1 gram tablet si.v days a week for eight 
weeks. Group C — Each of thirty subjects received 0.06 grams of atabrine dihydrochloride 
three times a day for five daj’s, and then one tablet daily for a total of eight weeks. Group 
D — This group of twenty subjects received 0.06 grams daily for twentj'-five days, after which 
the drug was discontinued and the change of plasma atabrine levels observed. Group B 
This group of twenty-two subjects received 0.1 gram of atabrine twice a daj' for si-X days 
and then 0.1 gram six days a week for a total time of eight weeks. Group F — This group of 
31 subjects received 0.1 gram twice a day for six days and then 0.1 gram daily for a total 
time of four weeks. Group G — This group of 28 men received 0.1 gram of atabrine twice a 
day for seven days and once a day for seven days. Group H — This group of 31 men received 
the same dose of atabrine as in Group G and, in addition, were given 5 grams of sodium 
bicarbonate with each dose of atabrine for the entire fourteen day period. Group I — ^Thesc 
45 subjects received the same dose of atabrine as Group G and, in addition, were given 30 
cc. of 95 per cent ethyl alcohol with the noon dose of atabrine each day for the first seven 
days. The alcohol was diluted with an equal volume of a mixture of honey, wafer, oil of 
peppermint and oil of cloves. Groi/p/— -Twelve enlisted men received 0.3 grams of atabrine 
three times a day for five to seven days. 

1 Now at the Department of Pharmacolog}', George Washington University School of 
Medicine, Washington, D. C. 
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Results and discussion. The mean results for each group, except Groups 
H, I and J, are presented in figure 1. There was great variation in the plasma 
levels obtained among the various groups. Even after receiving the drug for 
four to six weeks the individual values ranged from less than 5 micrograms per 
liter to occasional values of SO to 100 micrograms per liter. A similar variation 
has been reported by Shannon and collaborators (1) and by Fairley (4). This^ 
variation may be due to the peculiar pharmacology of atabrine involving as it 
does a marked deposition in the tissues (5, 6) and the e.xcretion of only small 
amounts in the urine and feces (5, 6, 7). Since degradation in tissues probably 
represents the principal means of removal from the body (1), there may be many 



factors involved in the plasma levels obtained and in the rate at which the plasma 
levels fall after the drug is discontinued. The mean plasma levels of Group B 
(0.1 gram six days a week) may be compared with the date of Shannon elal. (1). 
In the present study the mean level after five ueeks was approximately 23 
micrograms per liter as compared to a moan of 17 micrograms per liter found bj' 
Shannon (1). Part of the difference may be due to the fact that Shannon’s 
data represent minimal values whereas in the present study blood samples were 
taken just before the drug was given on any day of the week and not just at 
Monday noon when it might be expected to be minimal. With a daily dose of 
0.1 gram Fairley found (4) mean pla=ma levels of 23 micrograms per liter which 
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are the same as reported in the present study with a dose of 0.1 gram 6 days a 
week (Group B). 

The effect of the sodium bicarbonate or ethyl alcohol on plasma atabrine 
levels was negligible. 

It may be seen from figure 1 that the plasma levels obtained with weekly 
maintenance doses of 350 to 420 mg. (Groups A, C, and D) are appro.Aimately 
proportional to the dose administered. Tlie relatively slow rate of excretion of 
atabrine is demonstrated by the mean decrease in plasma level after atabrine 
was discontinued (curve D in figure 1). After the atabrine was discontinued 



the average rate of fall was approximately five per cent per day and after 
seventeen daj's the level was approximately one-half the maintenance level. 

The values for Groups E, F, and G represent the results of “priming” doses, 
that is, the administration of double doses during the first week. Compared to 
Group B, they show that plateau levels may be reached in approximately 
days in this way instead of in 30 daj’s when a constant weekly dose of the drug 


is used. 

The data in figure 2 illustrate the high plasma atabrine levels that readiO 
may be obtained if a large enough dose is employed. With this dose, however, 
the rate of decrease in plasma levels was approximately twenty per cent per 
day, or four times as fast as at the lower plasma levels. 
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SUMMARY 

1. The blood plasma levels of subjects receiving the same dose of atabrine , 
are extremely variable. 

2. The group average plasma levels obtained are approximately proportional 
to the dose used. 

3. With constant daily doses, four to five weeks are required to reach constant 
mean plasma levels. Similar plasma levels are reached in two weeks when the 
dose is doubled during the first week. 

4. With low plasma levels of atabrine a reduction to one-half occurs in approx- 
imately two weeks after a dminis tration of the drug ceases. With a large dose 
and high plasma levels the reduction is more rapid. 

5. Moderate doses of sodium bicarbonate or of ethyl alcohol do not affect 
the plasma levels. 
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It has been previously shown that in the heart-lung preparation (H.L.P.) of 
the dog, the lethal dose (L.D.) of g-strophanthin and of digitoxin is dependent on 
the rate of administration of these glycosides (1). The L.D. of g-strophanthin 
is determined by infusing it at a constant rate into the H.L.P. The end point 
of the experiment is ventricular fibrillation, the infusion being continued until 
ventricular fibrillation appeared. The minim al lethal dose (M.L.D.) is that 
lethal dose of g-strophanthin per gram heart which cannot be reduced by any fur- 
ther reduction in the rate of administration. The optimal rate of administration 
is the highest rate of administration at which the M.L.D. is still being determined 
and is a characteristic value for each glycoside. It has been previously shown 
that one gram of heart in the H.L.P. of the dog binds only one M.L.D. of g- 
strophanthin regardless of the rate of administration (1). 

By dividing the M.L.D. by the experimental time, the average rate of uptake 
can thus be established. In these e.xperiments certain experimental conditions, 
such as work of the heart, blood temperature, blood-volume, and heart rate were 
kept constant. The object of the present study was to see whether quantitative 
and qualitative changes of work or changes of blood volume, temperature, and 
heart rate have any influence on either the lethal dose, minimal lethal dose, or 
average rate of uptake of g-strophanthin in the heart-lung preparation of the dog. 

Soluble barium salts are said to have pharmacological actions on the heart 
similar to those of the cardiac glycosides (2, 3). Blumenthal and Oppenheimer 
(4) claim that the action of barium chloride (BaCL) and of some cardiac glyco- 
sides are additive. We have tried to ascertain whether sublethal doses of BaCh 
have any influence on either the L.D., M.L.D., or average rate of uptake of g- 
strophanthin. Kohn (5) and Weese and Wiegand (6) have shoira that caffeine 
decreases the lethal dose of ouabain in the H.L.P. of the cat. Both these inves- 
tigators used an experimental period of 20-40 minutes and thus were probabb 
not determining the M.L.D. The cause for such a reduction in the lethal dose 
could either be an increase in the average rate of uptake, a decrease in the M.L.D-i 
or a change in both these factors. We have investigated this problem and per- 
formed a number of experiments on the influence of caffeine on the L.D., M.L.D-j 
and average rate of uptake of g-strophanthin in the heart-lung preparation of the 
dog. . 

The question has been disputed whether there are differences in the sensitivi j 

'Present address: Department of Pharmacologj-, Harvard Medical School, Boston, 
Massachusetts. 
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of animals to the cardiac glycosides related to age. Haag and Corbell (7), who 
have reviewed the literature, were unable to detect significant differences in the 
lethal doses of tincture of digitalis, gitalin, and ouabain in cats of different age 
groups. Chen and Brown Robbins (8), on the other hand, have detected differ- 
ences in sensitivity of etherized rabbits to ouabain related to age. We have 
determined the L.D. of digitoxin in anesthetized adult dogs and pups and the 
M.L.D. of digitoxin and g-strophanthin in the H.L.P. of pups. 

Matekials and Methods. G-strophanthin “Thoms” (Merck) was used. According 
to the manufacturers, it contains 20 per cent water of crystallization (9). All values given 
here have been calculated on the basis of the anhydrous glycoside. The solutions used 
varied between 1:15,000 to 1:500,000 g-strophanthin dissolved in 0.9 per cent saline. The 
digitoxin employed was a crystalline preparation;* 0.2 per cent stock solutions in 95 per 
cent ethyl alcohol were used for preparing the desired dilutions in saline. 

Constant infusions were made in most experiments by means of a pump consisting of an 
electric motor, a gear-box and rack and pinion to push the piston of a 30 cc. B.D. sj'ringe 
at a constant rate. By changing the gears, 24 different speeds could be obtained and the 
error in each individual determination never exceeded 5 per cent. The refilling of the 
syringe and readjustment of the apparatus could be done within a period of 1 to 2 minutes. 

The determination of the lethal dose of digitoxin in intact dogs and pups was made on 
animals anesthetized with 30 to 40 mg. of sodium pentobarbital per kg. body weight given 
intraperitoneally. The pups were animals still possessing their milk teeth, and no special 
effort V as made to determine their exact age. After anesthesia had set in, the trachea, left 
common carotid and left femoral vein were isolated. Artificial respiration was given by 
means of a Palmer respiration pump. Arterial blood pressure was recorded from the left 
common carotid artery by means of a mercury manometer. Continuous infusion of 1 :50,000 
crystalline digitoxin in saline was made into the left femoral vein by means of a Marriotte 
tube. In all, 6 pups and 6 adult dogs v ere used for this series of experiments. 

In the H.L.P. of pups the M.L.D. of both digitoxin and g-stropbanthin was determined 
ky the method used for adult dogs. Out of 6 experiments only 2 were satisfactory with 
digitoxin, while with g-strophantliin 4 out of 7 experiments were successfully concluded. 

In these experiments the hearts of the pups were perfused with blood from adult dogs, 
otheru-ise the experimental conditions were similar to those preidously described (1). 
(For further details on e.\perimental conditions see table 2.) 

Results. 1. Work of the heart. Work of the left heart was determined from 
the systemic output (output of the left heart minus coronary flow) and the 
arterial pressure. At the beginning of each experiment the systemic output and 
resistance were adjusted to give the desired work performance. Four to eight 
checks were made during the course of each e.\'periment and whenex'er necessary, 
the height of the inflow vessel was readjusted so as to give the desired work per- 
formance. 

In the scries of experiments published previously, the work performance of the 
left heait was 0.05-0.72 kilogram-meters per minute, the peripheral resistance 
"as 75 mm. Hg and the systemic output about 400 cc. per minute. The experi- 
mental data are represented by a heavy line in figures 1, 2, and 3. 

In order to sec whether a shift from pressure work to volume work would 
modify the L.D., M.L D., and average rate of uptake of g-strophanthin, the 
periiihcral resistance w as reduced from 75 to 40 mm. Hg and the systemic output 

•Kindly supiilicd by IIofrmatin-LaUochc, Basel, Switzerkand. 
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increased from 400 to about 550 cc., representing a work performance of the left 
heart of about 0.7 kilogram-meters per minute. From figure lA it can be seen 
that a change from pressure to volume work has not changed significantly either 
the L.D. or M.L.D. of g-strophanthin (6 e.xperiments). Furthermore, from 
figure IB, it is also clear that the average rate of uptake is about the same regard- 
less of the type of work performed. 

In ten e.vperiments, the influence of the reduction of the work of the left heart 




A B 

Fig. 1A. The Influence of Cardiac Work on the Lethal Dose of o-Stro- 
PHANTHIN IN THE H.L.P. 

Abscissa = rate of administration, ordinate = lethal dose 

Fig. IB. The Influence of Cardiac Work on the Average Rate of Upt.ike 
OF g-Strophanthin in the H.L.P. 

Abscissa = rate of administration, ordinate = average rate of uptake 
Solid curve: The lethal dose and average rate of uptake of g-strophanthin when t^ heart 
is performing resistance work. Data published previously (1) (26 e.vperiments). The ex- 
perimental conditions were: work of the left ventricle, 0.65-0.72 Idlogram-meters per nun- 
ute; peripheral resistance, 75 mm. Hg; systemic output, 3S0-420 oo. per minute; blood tem- 
perature, 38.8-39 .2'’C; blood volume. 850-900 cc. , 

Full circles: The lethal dose and average rate of uptake of g-strophanthin when the 
heart is performing volume work. Work of the left heart 0.68-0,72 kilogram-meter; peri- 
pheral resistance = 40 mm. Hg systemic output, 500-550 cc. per minute; blood temperature, 
38.8-39.2°C; blood volume 85(HK)0 cc. , 

Open circles: The lethal dose and average rate of uptake of g-strophanthin when the 
work performance of the heart is low. Work of the left heart = 0.32-0.35 kilogram-meters^ 
peripheral resistance, 30 mm. Hg; systemic output, about 300 cc.; blood temperature, SS.o" 
39.2°C; blood volume, 850-900 cc. 

on the L.D., M.L.D. , and average rate of uptake of g-strophanthin was studied- 
The peripheral resistance was decreased to 30 mm. Hg and the systemic output to 
about 300 cc. per minute, so that the work of the left heart was about 0.35 kil<> 
gram-meters per minute. The mean aortic pressure was about 70 mm. Hg and 
was thus adequate for an appropriate coronarj" flow. 

From figure lA it can be seen that the reduction in the work of the left hear 
did not significantly influence either the L.D, or M.L.D. of g-strophanthin, 
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while figure IB shoves that the average rate of uptake is also the same whether 
the work of the heart is high or low. 

2. Blood volume. In the series of experiments published previously (1), the 
blood volume was 850-900 cc. Ten experiments were performed with a blood 
volume of 480-520 cc. 

The reduction in blood volume leads to a decrease of the L.D. of g-strophanthin 
when high rates of administration are used. But, as the rate of administration is 
diminished, the L.D. approaches that determined with the higher blood volume. 
At a rate of 0.015 microgram per gram heart per minute, the lethal dose is the 




Do. 2A. The InfI/Ttehce of Blood Volume and Blood Temperature on the Lethal 
Dose of o-Strophanthin in the H.L P. 

Abscissa = rate of administration; ordinate = lethal dose 

I'm. 2B. The Influence of Blood Volume and Blood Temperature on the Average 
Rate of Uptake of q-Strophanthin in the H I .P. 

Abscissa = rate of administration; ordinate = average rate of uptake 
(a) Solid curve: Control data, representing the same data as in figures lA and IB. 

(o) • • : The effect of reducing the blood volume on the lethal dose and average 

rate of uptake of g-strophauthm. Blood volume, 480-520 cc., otherwise, the experimental 
eonditions were the same as those in figures lA and IB 

(c) O O : The effect of reducing the blood temperature on the lethal dose and 

average rate of uptake of g-strophanthin Blood temperature, 35 0-35 S'C; othermse, the 
ctpcnmental conditions were the same as those in figures lA and IB. 


same regardless of the blood volume (see fig. 2A). A reduction in the blood 
volume, therefore, does not affect the M.L.D. of g-strophantbin, although it 
changes the L.D. 

A reduction of the blood volume increases the average rale of uptake when rates 
of administration greater than the optimal are being employed. However, when 
the rates become equal to or less than the optimal rate of administration, the 
average rate of uptake is the same whether a high or low blood volume is used 
(fig.2B). 

3. Temperature of the hlood. In the experiments published previously (1) the 
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blood temperature was kept at 38.8-39.2° C, We have performed 10 experiments 
with a blood temperature of 35.0-35.3°C. In figrrre 2A the lethal doses of g- 
strophanthin determined at 35.0-35.3°C. are compared with those determined at 
38.8-39.2°C. It is clear from this figure that at the same rate of administration 
the lethal dose is higher when the blood temperature is low. 

Furthermore, a reduction in the blood temperature has shifted the optimal 
rate of administration from a value of 0.012 to one of about 0.006 micrograms 
per gram heart per minute. 




Fig. 3A. The Influence of Epinephrine Hydrochloride, Barium Chlorid^ and 
Caffeine and Sodium Benzoate on the Lethal Dose of g-Strophanthin in the H.L.r . 

Fig. 3B. The Influence of Epinephrine Hydrochloride, Barium Chloride, and 
Caffeine and Sodium Benzoate on the Average Rate of Uptake of 
g-Strophanthin in the H.L.P. 

Solid curve: Control data, representing the same data as in figures lA and IB. 

Open circles: The effect of repeated doses of epinephrine hydrochloride (20 miorograms 
every 15 minutes) on the lethal dose and aamrage rate of uptake of g-strophanthin in tne 
H.L.P. , , , 

Full circles: The effect of sublethal doses of barium chloride on the lethal dose an 
average rate of uptake of g-strophanthin in the H.L.P. , , j 

9 9 : The effect of caffeine and sodium benzoate (0.5 gram) on the lethal dose a 

average rate of uptake of g-strophanthin in the H.L P. Experimental conditions the sa 
as those represented bj' the solid curve. 

The M.L.D. does not seem to be appreciably changed bjr a reduction in the 
blood temperature (fig. 2A). 

From figure 2B it can be seen that a lowering of the blood temperature from 
39 to 35°C. has resulted in a decrease in the average rate of uptake of g-strophan- 
thin in the H.L.P. of the dog. 

4. Epinephrine and heart rate. These experiments were designed to sM 
whether the changes in heart rate and other metabolic and hemodjmamio 
changes produced by epinephrine have any influence on the L.D. and average 
late of uptake of g-stiophanthin. At a blood temperature of 39°C. thejiear 
rate of H.L.P. of the dog varied between 138 and 192, or an average of 17S±12 
beats per minute. -All heart rates were counted about 15 minutes after the com 
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pletion of the preparation. In 5 experiments, while the lethal dose of g-strophan- 
thin was being determined by the continuous infusion method, 20 micrograms of 
epinephrine hydrochloride were injected every 15 minutes into the venous 
reservmir. This resulted in a maximum increase in heart rate of about 40-60 
beats per minute and lasted for about 8-20 minutes. 

From figure 3A it can be seen that the doses of epinephrine employed did not 
significantly change the L.D. Furthermore, the data presented here as well as 
pre-\dous observations (1) show that the M.L.D. of g-strophanthin is not changed 
significantly by epinephrine. 

5. Barium chloride and spontaneity. Barium chloride in sufficient doses pro- 
duces ventricular fibrillation. We w'ere interested to see whether the effects of 
sublethal doses of BaCb have any influence on the lethal dose of g-strophanthin 
in the H.L.P. of the dog. In 3 heart-lung preprations the lethal dose of BaCb 
was found to be 0.75, 0.79, and 0.90 mg., an average of 0.81 mg. of BaCb per 
gram of heart. 

In 5 experiments the influence of sublethal doses of BaCb (0.24 - 0.67 mg. 
BaClj per gram of heart) on the lethal dose of g-strophanthin was determined. 
The total amount of BaCb to be added w^as introduced into the venous reservoir 
and 10 - 15 minutes later the infusion of g-strophanthin rvas started. From 
figure 3A it can be seen that in 4 out of the 5 experiments neither the L.D. or 
M.L.D. of g-strophanthin was appreciably affected by the presence of BaClj. 
However, one experiment showed a L.D. of 0.133 micrograms of g-strophanthin. 
The dose of BaCb emploj’-ed in this experiment was 0.67 mg. per gram heart, a 
dose which is very close to the lethal dose of BaCL itself. It is thus possible that 
in this experiment the BaCb and not g-strophanthin was the cause of the ventric- 
ular fibrillation. The average rate of uptake is apparentlj' not influenced by 
sublethal doses of BaCl- (see fig. 3B). 

6. Caffeine. Caffeine and sodium benzoate in a dose of 0.5 gram was added 
into the venous reservoir. This dose resulted in a concentration of about 
1:1800 of caffeine and sodium benzoate and was already within the to.xic range 
of this drug since this concentration frequently resulted in a rise in right auricular 
pressure and a reduction in the sj'stemic output. About 10 minutes after the 
addition of caffeine sodium benzoate the constant infusion of g-strophanthin was 
started. From figure 3A it can be seen that the L.D. of g-strophanthin was re- 
duced only when rates of administration greater than the optimal were being 
employed, while the M.L.D. of g-strophanthin was not significantlj’ changed, 
fihe cause of this reduction in the L.D. is probably due to an increase in the aver- 
age rate of uptake (fig. 3B). 

7. Age. Differences in sensitivity to cardiac glycosides due to age would be 
verj’ important for most tj'pes of digitalis assay, since animals of an unknown age 
are usually employed in such determinations. 

Wo have performed with digitoxin 6 experiment.s each in anesthetized adult 
and young dogs. It was clear from the start that the control of the rate of ad- 
ministration w as a most important factor, since a di.crcgard of this point would 
give the most variable results. From table 1 it can be seen that in the dog, age 
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of the animal does not play an important role in determining sensitivity to digi- 
toxin. Out of 6 such experiments in which the M.L.D. of digitoxin in the H.L.P. 

TABLE 1 


The Jcthal dose of crystalline digitoxin in young and adult intact anesthetised dogs 


NUICBEK 

1 WEIGHT 

1 

BATE or ADimnSTBATlOX j 

LETHAL DOSE OF DICITOJOy 

expeehcektal hue 

Adult dogs 

1 


ng. per hg. per hour 

nig. per kg. 

nin. 

1 

7.80 

0.198 

0.526 

160 

2 

9.22 

0.15S 

0.303 

115 

3 

7.05 

0.219 

0.446 

122 

4 

6.25 

0.243 

0.3S9 

96 

5 

4.75 

0.222 

0.5S1 

157 

6 

4.70 

0.213 1 

0.515 j 

145 

Average 

6.63 

0.209 zto.ons 1 

1 

0.4G0 ±0.0416 1 

1 

132.5 ±10.4 

Young dogs 

1 

2.65 



111 

2 

2.47 



110 

3 1 

5.70 

0.168 

0.735 

' 260 

4 

2.86 

0.160 

1 0.518 


5 

4.05 

0.216 

t 0.604 


6 

2.78 

0.186 

0.313 


Average 

3.42 

0.187 ±0.0084 

1 0.482 ±0.0675 



TABLE 2 

The determination of the minimal lethal dose of digitoxin and of g-strophanthin in 
the H.L.P. of puppies 

Blood volume = 850-900 cc. Output of left heart = 400-120 co. per minute. Blood 
temperature = 3S.8-39.1°C. Resistance = 75 mm. Hg. Work of left heart =< 0.6S — 0.720 
kilogram-meters per minute. 


KT7USEB 

BODV 

WEIGHT 

1 HEABT WEIGHT 1 

RATE OF 
ADIOKISTRAXION 

1 

LETHAL DOSE j 

EEPERIUEKTAL 
TIHE ^ 

SEHARES 

Uncor- 

recled 

Cor- j 
reeled 1 





RHiiffini 

gamma per 



1 

1 

fr* 

i* 


gram heart 



1 

3.90 

41 

32.7 


5.23 


Digito.xin 

2 

3.65 

38 

30.0 


5.78 


Digitoxin 

1 

2.31 

22 1 

1 

0.00817 

1.135 

139 

G-Strophanthin 

2 

3.24 

44 

27.1 

0.00791 

1.29S 

164 

G-Strophanthin 

3 

3.50 i 

39 


0.0070S 

1.197 

169 

G-Strophantbin 

4 

3.15 

37.2 

26.5 

0.00591 

1.096 

185 

G-Strophanthin 


of pups was determined, only 2 could be considered satisfacton', since the long 
e.xperiraental periods necessary' for such a determination resulted in a premature 
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lung edema. However, as ean be seen from table 2, both the values determined 
agree fairly well with the values determined on adult dogs and published pre- 
viously (1). In seven experiments the M.L.D. of g-strophanthin was deter- 
mined on the H.L.P. of pups, 4 were satisfactory, and here again the values of the 
M.L.D. of g-strophanthin do not differ significantly from those determined on the 
H.L.P. of adult dogs. 

Discussion. Under the variable experimental conditions which have been 
studied here, the M.L.D. of g-strophanthin in the H.L.P. of the dog is a fairly 
constant value. The differences have been in the lethal dose determined with 
higher rates than the optimal rate of administration. Since under these varied 
experimental conditions the M.L.D. is constant, the observed differences in the 
lethal dose are probablj^ due to changes in the average rate of uptake of g-strophan- 
thin. 

From our data the averge rate of uptake is not influenced by either qualitative 
or quantitative changes in heart-work, increase in heart rate, and other hemo- 
djmamic and metabolic changes produced by epinephrine. 

A change in blood volume from about 900 ce to 500 cc resulted in an increase 
of the average rate of uptake only with rates of administration greater than the 
optimal. At rates less than the optimal, M.L.D. and average rate of uptake were 
the same regardless of the blood volume (fig. 2). It is conceh'able that at the 
same rate of administration, the concentration of the glycoside might rise more 
rapidly and be actually higher when the blood volume is low. It is probable 
therefore that at rates higher than the optimal the concentration does influence 
the average rate of uptake. Howexmr, at or below the optimal rate of admin- 
oration the concentration of the glycoside in the blood obviously does not 
influence either the M.L.D. or the average rate of uptake of g-strophanthin. In 
other Words, in the heart-lung preparation of the dog, the determining factor for 
the M.L.D. is not the concentration but the absolute amount of the glycoside in 
the circulating blood. 

The lowering of the blood temperature resulted in a decrease in the average 
rate of uptake of g-strophanthin. This decrease might be due to the reduction 
in the temperature or the decrease in heart rate. As the increase in heart-rate 
Produced by epinephrine did not influence the average rate of uptake of g- 
strophantliin, it is at least probable that the decrease in heart-rate, produced by 
lowering the blood temperature, is not the decisive factor in the reduction of the 
average rate of uptake of this glycoside. 

The experimental results on the influence of temperature changes on the speed 
of reaction of digitalis glycosides have been utilized to determine whether the 
reactions of these glycosides with the heart muscle are of a chemical or physical 
nature (10). Vant Hoff’s law states than an increase of 10°C. should increase 
Ihe speed of reaction by 200-300 per cent (11). The axperimental results of 
Gunn (12) on the Langendorf heart of the rabbit do not show such a relationship 
hchveen temperature change and the time for sj^stolic arrest of the heart. Our 
experiments indicate that with the highest rates of administration a temperature 
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increase of about 4°C. resulted in an increase in the average rate of uptake of 
about 25 per cent. However, the influence of temperature on the optimal rate of 
administration is more marked. Raising the blood temperature by about 4°C. 
led to an increase of this value from 0.006 to about 0.012 micrograms of g- 
strophanthin. From these figures it follows that an increase of about 250 per 
cent in the optimal rate of administration would probably occur if the tempera- 
tiwe were raised by 10°C. 

The uptake of cardiac glycoside by the heart is a complicated process involving 
a number of steps regarding which very little is known. Any influence of tem- 
perature changes on the average rate of uptake is the resultant of changes which 
may occur in one or more of these reactions. To decide from temperature data 
whether a reaction is of a chemical or physical nature is not feasible, especially so 
with the reaction between cardiac muscle and glycoside. The nature of this 
reaction is so obscure at present that no final conclusions can be drawn. 

The effects of sublethal doses of barium chloride and g-strophanthin are not 
additive in the H.L.P. of the dog. Wdgria et al. (13) have shown that the 
fibrillation threshold of direct current is not influenced by to.vic doses of digitalis 
glycosides. From this and our experiments with barium chloride, it can be con- 
cluded that the mechanism of action in the production of ventricular fibrillation 
is not always the same. 

The influence of large doses of caffeine has been a decrease in the lethal dose 
when rates greater than optimal are employed. This confirms the data of both 
Kohn (5) and Weese and Wiegand (6). However, it is clear from our data that 
this is only true when rates of administration higher than the optimal are being 
employed.The M.L.D. of g-strophanthin is not changed by caffeine and it is 
quite probable that the increase in the average rate of uptake is the determining 
factor in the observed reduction of the lethal dose of g-strophanthin. This 
opinion was expressed by Kohn (5) but was not supported by e.xperimental evi- 
dence. No direct experiments have been performed to test the influence of 
changes in coronary flow on the L.D. and average rate of uptake of g-strophanthin 
in the isolated heart of the dog. However, the data obtained with epinephrine, 
and changes in the work of the isolated heart, procedures wliich markedly change 
coronary flow, do not influence either the L.D., M.L.D., or average rate of uptake 
of g-strophanthin by the H.L.P. It is thus probable that coronary flow changes 
do not greatly modify these values. 

Our experiments on intact anesthetized dogs indicate that age differences m 
sensitivity to digitoxin cannot be demonstrated. Furthermore, the M.L.D. of 
both digitoxin and g-strophanthin as determined in the H.L.P. of pups is not 
significantly different from that of adultdogs. Our data thus confirm and axtend 
those of Haag and Corbell (7). On the other hand, Chen and Brown Robbins 
(8) have demonstrated age differences in sensitivity to g-strophanthin in rabbits. 
This data, however, did not take into account the possible influence of the rate of 
administration of the glycoside. In a second series of experiments Brown 
Robbins and Chen (14) have demonstrated significant age differences in seiwi- 
tivity to g-strophanthin in both dogs and rabbits when the rate of administration 
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•nas carefully controlled. However, the rate of administration employed by 
Brown Robbins and Chen (14) was about 3 and 5 micrograms of g-strophanthin 
per kg. per minute for rabbits and dogs respectively.. This would produce 
death of the animal in approximately 25 to 50 minutes in rabbits and 25 to 35 
minutes in dogs. This experimental time is probably too short to determine the 
JI.L.D. of g-strophanthin. A final settlement of this problem can only be ac- 
complished by comparing the M.L.D. of g-strophanthin in young and adult 
animals. 

The outstanding finding of the previous publication (1) and of the present 
series of experiments is the constancy of the minimal lethal dose of g-strophanthin 
in the H.L.P. under the most variable conditions. It follows from this that for 
any comparative study of the activity of cardiac glycosides or the modification 
of their toxicity by physiological, pharmacological, or pathological changes, the 
M.L.D. rather than the L.D. should be used as a basis of comparison. The 
factors aSecting the average rate of uptake and the L.D. are the rate of adminis- 
tration of the glycoside, blood temperature, and blood volume, and for any 
comparative experiments in the H.L.P. these factors must be carefully controlled 

SUMMARY 

Qualitative and quantitative changes in heart work of the H.L.P. do not 
significantly influence either the lethal dose, minimal lethal dose, or average 
rate of uptake of g-strophanthin in the H.L.P. of the dog. A decrease in blood 
volume decreases the lethal dose and increases the average rate of uptake when 
rates higher than the opltmal rate of administration of g-strophanthin are em- 
ployed. The minimal lethal dose is not changed by a change in blood-volume. 

A reduction of the blood temperature increases the lethal dose and decreases 
the average rate of uptake and optimal rate of administration. The minimal lethal 
dose of g-strophanthin is not influenced by a change in the blood temperature 
from 35 to39°C. 

Sublethal doses of barium chloride, as well as the increase in heart rate and 
other metabolic changes produced bj' epinephrine do not change the L.D., 
^ LL.D., or average rate of uptake of g-strophanthin in the heart-lung preparation 
of the dog. 

Paffeine and sodium benzoate increases the average rate of uptake but does 
^^ot influence the M.L.D. of g-strophanthin. 

^'o differences in sensitivity to digitoxin can be detected between intact 
anesthetized (sodium pentobarbital) pups and adult dogs. The minimal lethal 
Osc of g-strophantliin and digitoxin determined in the H.L.P. of j’oung dogs 
t ws not appear to be significantly different from the M.L.D. determined on the 
ILL P. of adult dogs. 
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THE RELATIONSHIP BETW^N THE LIPOID AFFINITY AND THE: 
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Two hj-potheses concerning the mechanism of the insecticidal action of 1,1- 
bis(p-chlorophenyl) 2,2,2-trichloroethane (DDT) (I) have been published. 

Lauger et al. (1) suggest that the toxic component of the molecule is the linked 
p-chlorophenyl rings which block an enzjone system necessarj- for the proper 
functioning of the insects’ nervous system. The trichloromethyl group ac- 
cording to Lauger causes the molecule to have a great affinity for lipoids, thus 
allowing the toxic component to be concentrated at its site of action, namely the 
nerve lipoids. 

The mechanism proposed by Martin and Wain (2) assumes that the chloro- 
phenyl rings confer lipoid solubility while the remainder of the molecule is 
responsible for the toxicity by liberating hydrochloric at the “rital centers”. 
The evidence for the Martin- Wain hj-potbesis rests upon the relative ease with 
■'rhich the in vitro dehi’drochlorination of DDT and similar compounds is accom- 
plished by alcoholic alkali. There are many objections to the Martin- Wain hj-po- 
^esis, Lauger fl) and Mylius and Koechlin (6) reported two compounds {II 
nnd HI) which approach DDT in insecticidal potency although neithercompound 
capable of dehydrochlorination. They also reported that dehydrochlorinated 
HDT (It’) had insecticidal action although it was weaker and more selective in 
action than DDT. Busvine (3) published data on eight compounds related in 
almcture to DDT. He compared their toxicities to the ease of dehydrochlorin- 
ation and lipoid solubility. Busvine concluded that his data supported neither 
JTothesis since he found no correlation between toxicity, ease of dehydrochlorin- 
ation and lipoid solubility. It should be noted, however, that the variation 
cween the order of increasing ease of dehydrochlorination and incrasing 
toxicity was greater than that between the order of increasing fat solubility and 
increasing to.xicity. Further Busvine determined the total solubility of the 
wolecule which may not be the determining factor in its “in vivo” lipoid affinity. 

Busvine suggests the shape and size of the molecule may be important. 

Pubbshcd with the approval of the Director of the Wisconsin .Agricultural Evperimcnt 
elation. 
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Liiuger’s suggestion is an extension of the Meyer-Overton theory of the mech- 
anism of transportation and “storage” of the general anesthetics. He presented 
evidence to show that DDT acts on the insects nervous system (1). Yeager and 
Munson (4) and Roeder and Weiant (5) have confirmed this observation. Since 
several para-bridged 4,4'-dichlorodiphenyl structures were shown to be very 
toxic when ingested by insects (1), Lauger postulated that this structure acted by 
blocking some enzyme system in the insect physiology. The chloroform residue 
he claimed acted as a lipophilous group which caused the molecule to have an 
affinity for lipoids just as chloroform does. This resulted in the compound being 
accumulated at its site of action in the nen'e lipoids. To test this hypothesis 
twenty-four compounds were synthesized in which the trichloromethyl group of 
DDT was replaced by radicals derived from compounds known to function as 
general anesthetics (1, 6). Radicals derived from thirteen anesthetics were 
used and in all cases the compounds showed activity as contact insecticides. 
Recently evidence has been accumulating in the literature which indicates that 
the activity of these insecticides is correlated with their lipoid affinity. Wiggles- 
worth (7) and Case (8) reported cases of mild DDT intoxication in humans. 
The sj'mptoms were largely psychic in nature and persisted for at least 30 days 
after the administration of DDT was terminated. This is presumptive evidence 
for lipoid storage and subsequent release of the compound. Further, Woodward 
et al. (9) in a pharmacological study, reported that DDT and 1 , l-bis(p-brom- 
phenyl) 2,2,2-tricliloroethane 00 were stored in the intraperitoneal and subcu- 
taneous fat of dogs fed these compounds. Levels as high as 5 mgm./gm. o 
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fat were reached in some of these dogs. The level found in the fat was much 
higher when DDT was fed in corn oil than when it was fed in solid form. This 
indicates that DDT passed through the intestinal wall more easily when intimate- 
ly associated ndth fat. DDT metabolites could be demonstrated in dog urine 
24 da 3 ’s after the administration of DDT was stopped. This indicates continual 
release of DDT from the body stores, which are, presumabl 3 % in the fat depots. 
Further DDT was found to pass into the milk of a bitch to which it was fed and 
24 hours after the feeding of a single 50 mgm./kilo dose of o-p DDT OT) it 
could be detected in the milk. Telford and Guthrie (10) reported that the milk 
from either goats or rats fed DDT was toxic to rats to which it was fed. The 
to.xic S 3 'mptoms were typical of DDT poisoning and it was found that the toxic 
material was concentrated in the fat of the milk. 

Kirkwood and Dace 3 ' (11) synthesized the compounds 1 ,l-bis(p-fluorophenyI) 
2,2,2-trichloroethane (VII), 1 , l-bis(p-chlorophen 3 d) 2, 2, 2-triflu oroethane 
(nil) -and 1 , l-bis(p-flurophen 3 d) 2,2,2-trifIuoroethane (IX). Insecticidal 
tests showed that ITI was appro.ximately one-half as active as DDT while WII 
and IX were practically inactive (11, 15). The trace of actirity in VIII and IX 
was no doubt due to the presence of traces of the parent compounds (DDT and 
compound VII respectively) which have high activit 3 ^ These data tend to 
support Lauger’s h 3 ’’pothesis in view of Henne’s (12) observation that fluoroform 
has no physiological action. Guinea pigs can be kept for 1 hour in an atmos- 
phere of 80 per cent fluorofoim and 20 per cent oxygen without showing an 3 ’^ 
effect. 

The purpose of this report is to present evidence to show that 1 , l-bis(p-fluoro- 
phcD3’l) 2,2,2-triohoroethane (ITI) upon ingestion accumulates in the body 
lipoids and that l,l-bis(p-chlorophen 3 d) 2,2,2-fluoroethane (VIII) fed at the 
same level could not be detected in the perirenal fat of rats receiving it. These 
results would be expected under Lauger’s postulation. 


ExetniiiENTAL. Malerials and methods. Compounds VII and VIII were prepared by 
tbe procedures of Kirkn'ood and Dacey (II). 

Four groups of adult female rats were placed on e.vperiment. Each group was housed 
in a separate cage and each group received stock ration and water ad libitum. The first 
(control) group consisted of two animals and received no supplement. The second group 
con.'i3tcd of two animals which were given sodium fluoride, in aqueous solution, at the rate 
5 mgm./kilo/day. The third and fourth groups of four animals each received 
60 mgm./kilo/day of compounds VIII and VII respectively. This was administered orally 
by dropper in corn oil solution (eight drops/day) One animal in the fourth group devel- 
oped a tumor early in the experiment and n as destroyed. With the e.x'ception of the animals 
in group 2 which developed mottled incisors due to the high intake of fluoride ion, none of 
the animals showed any symptoms of a toxic nature. All animals were maintained on the 
supplements for 75 days at the end of which time they were sacrificed. The perirenal fat 
was carefully removed and collected by lots for a pooled sample for fluorine analysis. The 
pooled samples were dried in a vacuum dcssicator and extracted with diethyl ether for a 
period of 21 hours in a Soxhict extractor. Each ether extract was washed twice with an 
etiual x’olunie of redistilled water to remove any traces of inorganic fluorine present. The 
ether solutions were then placed in a llO" oven to remove the ether and moisture from the 
fat. 
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Method of analysis. Since DDT is absorbed and stored in the body fat in unaltered form 
(9), it was assumed that compounds VII and VIII, if stored, would also be unaltered. Thus 
they could be reliably estimated by determining the ether extractable fluorine in the fat. 
No ether extractable fluorine was found in the fat of control rats or in the fat of the rats in 
group 2 which were fed the inorganic fluoride. Kirkwood and Dacey (U) demonstrated 
that the fluorine present in compounds VII and VIII was quantitatively liberated as in- 
organic fluoride when the compounds were fused in a peroxide bomb. It was found that 
the Armstrong (13) modification of the Willard and Winter (14) method adapted to the 
photoelectric colorimeter could be used directly on the neutralized filtrates from the perox- 
ide fusion. High concentrations of chloride ion have been found to interfere with the titra- 
tion method of determining fluoride (13). This did not interfere in the colorimetric method 
however. A lower value for the colorimeter constant was obtained when high levels of 
chloride ion were present but when log difference values were plotted against fluoride con- 



y OF fluorine/ 12 ML. SOLUTION 

Fig. 1. Concentration op Fluoride in 8 Per Cent NaCl Solution Plotted against 

Log Difference Values 


centration a straight line resulted. The slope of the line did not vary when concentrations 
of from 5 to 20 per cent sodium chloride were present. Figure 1 shows the range of propor- 
tionality for the Evelyn colorimeter with fluoride standards made up in 8 per cent salt 
solution. The range is from 0-30 t in 12 ml. solution. At higher fluoride concentrations the 
points do not lie on a straight line. The use of neutralized solutions from the peroxide 
fusion resulted in an alteration in the color tinge of the Thorium-Alizarin lake. However, 
the absorption ma.ximiun was not altered and the bleaching of the lake by fluoride ion wee 
not interfered with. If the solution obtained from the fusion of 0.4 gm. of com oil was used 
as a blank excellent recoveries of fluorine were obtained from corn oil solutions of compound 
VII (table 1) . Further it was found that as little as 0.05 mg. of compound VIH per samp e 
could be detected by this procedure. j ‘th a 

Apparatus. The colorimeter used for all determinations was an Evelyn equipped wit 
no. 520 filter. The peroxide bomb used was a Parr model AC-1. 
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Fusion procedure. Five gm. of sodium peroxide (reagent) and 0.5 gm, of potassium 
perchlorate were weighed into the bomb cup, 0.4 gm. of fat were added and the whole mixed 
thoroughly with a glass rod. The Bomb was then assembled, ignited and cooled. The 
contents of the bomb were dissolved in 50 ml. of water,* the solution was brought to a boil 
and filtered. The pH was adjusted between 2.5-3.5 (glass electrode) by the addition of 
concentrated HCl (about 11 ml.). The solution was then made up to 100 ml. and fluorine 
was determined on 10 ml. aliquots of this solution. 

Reagents. Alizarin Red S (National medicinal); Thorium nitrate 12HiO; Redistilled 
monochloracetic acid; Sodium hydroxide (reagent). 

Color reagent. 6.2 mgm. of Alizarin Red S and 9.4 mgm. of Thorium Nitrate 12HsO were 
dissolved in 25 ml. of distilled water. To this was added 25 ml. of a 1 M solution of mono- 
chloracetic acid half neutralized with reagent NaOH. This reagent should not be used if 
it is over 24 hours old. 

Analysis procedure. A blank prepared from the fusion of 0.4 gm. com oil was mn with 
each determination. Ten ml. aliquots of the solutions to be analyzed are placed in Evelyn 
tubes. Two 10 ml. aliquots of the blank were included in each run. To one of 
these aliquots 200 y of fluoride ion (as sodium fluoride) were added. Two ml. of the color 
eagent were added to each tube, the tubes were shaken and allowed to stand for 15 minutes 
at the end of which time they were read on the Evelyn colorimeter. The blank containing 


TABLE 1 


Recovery oj fluorine from com oil solutions of compound VII (0.4 gm. samples of oil used 

in each case) 


ntlOUVC AfiDCD AS 
COMPOCKO VTI 

rttfOMNE »0CND 

1 EMOX IN ELtrOXlNE EOWD 

1 JXCOVERV 


7 

7 

% 

22.0 

22 

0.0 

100 

18.0 

17 

-1.0 

94 

13.0 

12 

-1.0 

92 


200v fluoride ion was set at 100 (520 filter) and the readings of the other tubes were noted. 

Calculation. The concentration of fluoride ion in the sample solutions is given by the 
expression C •= K (log G, — log Gt). lYhere O, is the galvanometer reading of the sample 
and G% is the galvanometer reading of the blank, K is the calibration constant determined 
by the analysis of known solutions of compounds Vll and in corn oil. 

Results. The results are shown in table 2. No fluorine could be detected 
in the fat of rats fed compound VIII (group III) which contains the trifluoro- 
methyl group. Ex’en when three 0.4 gm. samples of fat from group III were 
fused, combined, neutralized and evaporated to 100 ml. no fluorine could be de- 
tected. In order to show that small quantities of fluorine could be recovered 
tlwcc 0.4 gm. samples of fat, containing a total of 18y of fluorine as compound 
were fused. An 80 per cent recoveiy of the added fluorine was obtained. 
In contrast, compound ATI which contained the trichloromethyl group was 
found to accumulate to the c.xtcnt of 3.2 mgm/gm. of fat when fed to rats. 
Discussion. It is interesting that the substitution of a trifluoromethy) 
group for a trichloromethyl group in DDT should cause a loss of insccticial 
* If more than a trace of carbon is present the run should bo discarded. 
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activity and a corresponding loss of lipoid affinity. Lauger (1) stresses the 
necessity for two components in the structure of DDT-like compounds necessary' 
for high acthdt}'. The first is the presence in the molecule of a toxic component 
which presumably interferes n-ith some enzynne system in the insect physiology. 
Para chloro, fluoro and methoxyl substituted phenjd rings seem to be the most 
active groups for this purpose (1, 3, 11). The second is the presence in the mole- 
cule of a lipophilous component which causes an accumulation of the compound 
in the ceU lipoids and thus concentrates the to.xic component at its site of action, 
presumably' the nen'e lipoids. The tiichloromethyl group seems to be the most 
active for this purpose although the dichloromethy'l and cy'cloprophy'l groups 
also produce high actraty (6). Extreme toxicity' results only' when both com- 
ponents are present in the molecule together. It is interesting that compounds 
I, V, VI and VII are accumulated, presumably' because of their trichloromethyl 
group, in relatively large amounts in the fat of animals to wliich they' are fed. 
Compound VIII, containing the trifluoromethyl group, is not accumulated under 
the same conditions although it is also very fat soluble. If the presence of a 
single group n-itliin the molecule confers lipoid affinity' upon it and subsequent 


TABLE 2 


Analyses of samples of perirenal rat fat 


FAT r£OU G£OUF ^04 

FLUORIVE 

coiIPOU^’D sQUivAix'rr 

I Control 

II. 5 mg. NaF/kilo body wt., daily- 
ill. 50 mgra compound VIII/UIo body 

tfigm /J sm fat 

0.00 

0.00 

mfm /im./al 

VI t., daily 

IV. 50 mgm compound Vll/kilo body 

<0.01 

<0.05 (compd. Vill) 

wt., daily 

0.38 

3.2 (compd. VII) 


storage in the body lipoids then it provides a principle which should have wide 
application in the synthesis and modification of chemotherapeutic agents. 

SUMMARY 

The compound l,l-bis(p-fluGropheny'l) 2,2,2-tricliloroethane which has in- 
secticidal activity' very' near that of DDT has been shown to accumulate in the 
perirenal fat of rats to which it was fed. The compound l,l-bis(p-chlorophenyI) 
2,2,2-trifluoroethane which has little or no insecticidal activity did not accumu- 
late in the perirenal fat of rats under similar conditions. This evidence points 
rather definitely to a relationship between lipoid affinity' and insecticidal actiwty 
and as such offers an explanation for the mechanism of action of l,l-bis(p- 
cliloropheny'l) 2,2,2-trichloroethane and related insecticides as suggested by 
' Lauger. . , 

The significance of these data and other evidence in the literature is discusse . 
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Although the Syrian hamster, Criceltts aiiratus, has proved to be a useful 
laboratory animal for the study of a variety of infectious diseases, pharmacologi- 
cal studies of the hamster have been few. Recently, Chen, Powell, and IMaze (1) 
have reported investigations upon the response of hamsters to a group of dnigs, 
including those acting on the central nervous sj'Stem; those acting on the cardio- 
vascular S3'stem; those acting on smooth muscle organs; insulin; and sodium 
cyanide. 

It is the purpose of this paper to present information upon the reaction of 
the hamster to four additional compounds; alloxan monoh.vdrate, senecionine, 
sulfadiazine, and thiouracil. These substances are known to cause lesions in 
parenchj'matous or endocrine organs of other animals. 

Procedures .\nd results. These experiments were run simultaneously 
with those reported previouslj' (1), and the conditions under which the hamsters 
were kept were identical; that is, the experiments were done dunngJuneand 
July with animals which had been acclimated in air-conditioned quarters for 
at least a week at temperatures ranging from 2C.7° to 28.9®C., and fed on "Purina 
Laboratory Chow” and kale. These animals weighed between 80, and 122 
'grams, averaging 100.7 grams at the beginning of the experiment. 

Alloxan monoliydrale. The discoverr' bj- Dunn, Sheehan, and iMcLetchie (2) 
that alloxan produces selective necrosis of pancreatic islet cells initiated a large 
number of investigations. These have been review ed recentl.v bj' Joslin (3) and 
by Chen (4). In our experiments alloxan was administered intravenouslj' to 
24 hamsters in single doses ranging from 40 to 200 mg. per kg. Eight animals 
survived for a week and were then killed with chloroform vapor for histologic 
examination of the viscera. Six moribund animals were also killed with chloro- 
form in order to facilitate collection of blood samples for glucose determination 
and to secure fresh tissues for microscop.v; one animal was killed on the second 
daj', 4 on the third, and another on the fourth. Pertinent data are included 
in table 1. The survival period of each animal is given individualh' even in 
those groups in which figures are identical. 

Terminal blood sugar levels are tabulated for each of 7 animals. No attempt 
was made to follow the changes in blood sugar levels of individual animals, and 
determinations were not made on those animals which survived for 7 days- 
It MU be noted that the blood sugar attained very high levels, as contrasted 
with the mean normal blood sugar of 15 animals which was determined to be 
92.5 ± 4.1 mg. per 100 cc. (1). , 

The livers, kidnej’s, and adrenals of 23 hamsters, the pancreases of 21, 
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the pituitary, heart, and lungs of smaller numbers were examined microscopically. 
The pancreatic islands of 5 of the 8 hamsters uhich survived for 7 da 3 's were 
normal. In the other three, minimal injury uas manifested in some islands 
bj' the presence of tuo or three beta cells with pyknotic, shrunken nuclei. Ne- 
crosis of beta cells had occurred in the islands of all other hamsters, the extent 
of iniur 5 ' ranging from slight to severe. An example is shown in Figure lA. 
The animals that received the largest doses usually showed the greatest injury. 
Hj’drops of beta cells uas observed in 4 hamsters. 

The kidneys of animals that survived 7 daj'-s were normal. The kidnej’s of 
those that died because of treatment showed slight to moderate injury as evi- 


TABLE 1 

Toxicity of alloxan monohydrale and of senectonine by intravenous injection 


COifPOUND 

DOSE 

NUMBER DIE0* 

NUMBER USED 

LDm S £ 

NECROPSIES 

SURVIVAL 

BLOOD 

SUGAR 

Alter 

death 

Alter 

sacrifice 

Alloxan mono- 
Ipdrate 

mt ptT 

ks 

40 

50 

62 

80 

100 

125 

160 

200 

0/3 

1/3 

2/3 

1/3 

3/3 

3/3 

3/3 

3/3 

mi per 

65 4 =b 9 8 

H 

3 

2 

2t + 1 
2 

0 

It 

2t 

It 

days 

7, 7, 7 

•1,7,7 

3, 4, 7 

3, 7, 7 

3, 3, 4 
3,3,3 

3, 3, 3 

2, 2, 2 

mg per 

JOO ec 

607, S22 

770 

573, 633 
458, 647 

Senecionine 


0/3 


0 

3 

7, 7,7 



56 

1/3 


1 

2 

3. 7, 7 



02 

1/3 

61 1 ± 2 9 


2 

3, 7, 7 



70 

3/3 



0 

2, 2, 3 



80 

3/3 



0 

0, 2,4 



* The figures for alloxan include 6 moribund animals that were killed instead of being 
allowed to die spontaneously 
t Moribund 


denced bj cloudj- swelling, with fattj' metamorphosis in four cases, and necrosis 
of xurying extent of cells of the convoluted tubules of 12 animals. An example 
IS guen in figtire IB Fattj’ metamorphosis of liver cells occurred in many 
hamsters, the dcgiee in general increasing with the dose of the drug Three 
.uumals had modeiate or extensive pulmonarj- edema, and a fourth had ate- 
lectasis and edema of one lung The other tiscera were not abnormal 

Our data on the efTcet of alloxan on the hamster are not strictlj’ comparable 
with the data on other animals in the liteniture -Vpparently, the LDjo has 
not been deteimined foi other species Alany of the hamsters died without 
our h.iMiig deteiiniiied the blood sugar level, and bloorl sugars of those that 
siiivived a nei'k were not tested Inasmuch as the p.increatic islands of 5 of 
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the survivors ivere normal, it is probable that the blood sugars were normal; 
and since the insular lesions in the other 3 survivors ivere slight, it is doubtful 
that their blood sugar lei’els ivere greatlj’ altered. However, since serial or 
multiple sections of the pancreas were not made, we cannot be sure that our 
sections are truly representative, and it must be admitted that these Saninials 
maj’ have had mild diabetes. Goldner (5) defines the diabetogenic dose “as 
the amount of alloxan which in 80% of the animals of a given species will produce 
sustained hyperglycemia and necrosis of the pancreatic islet cells, but which 
will not cause observable damage to other organs.” He deteimined the diabeto- 
genic dose for several species to be: Dalmatian hound, 50-100 mg. per kg., 
intravenously; monkey, 100-150 mg. per kg., intravenously; pigeon, 125-200 mg. 
per kg., intravenously; cat, 150 mg. per kg., intravenously; rabbit, 100-200 mg. 
per kg., intravenously; and rat, 200-300 mg. per kg., intraperitoneally. 



Fig. l.A 310X r.incrcas of a Imiiisler lhal rccpived ICO mg. jipr lig. of atlovin nml "as 
moribund 72 hours l-ater. The blood sugar had ris’ti to 573 mg. per HKI re. II should be 
noted fh.at some island eells persist, but the iiuijority aie neriotie and llieii nuclei bare 
undergone lysis; several pyknotic nuclei aie present 

B 120X Kidne3' of the same hamster Clroujis of convoluted tubule.s aie neciotic 
and their nuclei ate no longer distinguishable 


We maj' be warranted in surmising on the basis of the LDso and the blood 
sugar levels obtained at the 02 mg. per kg. dose that the diabetogenic dose is 
Iirobably in the \icinity of 00 mg. per kg. Cori'obortitory ei’idence is supplied 
by the faet that necrosis of lenal tubules did not occur in animals that received 
doses lower than SO mg. per kg. It is thus ei’ident that of all species for whicli 
data are available, the hamster is the most susceptible to allo.xan. 

Scnccioniiw. The alkaloid senecionine is known to occur in several specie’ 
of the genus Scnccio (0), and has already been shown to pioduce necrosis of ih'’ 
liver in mice (7), lats (8), and monkeys (9). .\s in prei'ious cNpeiimcnt', 

senecionine was prepared for admini.stration by di.ssolving a weighed (luantd,' 
in an eiiuimoleculai amount of hydrochloric acid. .Vpinopriate single do-c-' 
were injected intravenou.sly with the re.sults pie.scnted in table 1. A " 
15 hamsters was used, and necropsy was peiformed on all Ind one that <n* 
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immediatelj’ after injection of a dose of 80 mg. per kg. At the end of a n eek, 
all survivors, 7 in number, were killed nith chloroform vapor. 

The livers of 2 of the 7 survivors appeared normal, and sections of the livers 
of 2 others revealed loss of a few parenchjTnal cells from about the portal spaces. 
The liver of the fifth animal contained many infarcts which involved only one 
or a few lobules and were heavily infiltrated with leukocytes. The liver of each 
of the other 2 hamsters contained a single infarct which involved several lobules, 
and in one of these there was evidence of loss of a few cells from many periportal 
areas. The kidneys and adrenals of C of these animals were examined micro- 
scopically and found normal. 



t.Vv' ••.*1 






Kir., 2. 120X I.ivrr of hamster that received 02 mi; per k|;. of seiieeionine and died 72 
hours later. .\ portal triad lies to the left of the center of the tield. There has hern much 
necrosis and hemorrhaRe, principally about the portal space. The small lil.ick dots arc 
erylhroc} Ics. Minute fat vacuoic.s are present in some hvei cells 

The livers of the 7 animals that died a.s a icstilt of tiejitment all shoued necro- 
sis, hemorrhage into cell cords, and sinusoidal eoiigestiun. In one liver the 
lesion occtined in central and midzonal regions; in a .second, it intolved central 
and periportal regions with etpial fret\ueuey; and in tlio remaining five, it was 
Iiredomiimntly or exeliisively periportal in distrilmtion. The section in figme 2 
is a gooti lepre.sentative. Fotir of these T hamsters had some hydrothorax and 
;i few imlmoiiiiry peteehiae, and one also laid slight pulmonary edema. ,\11 
other viseerti tippearotl normal grossly. Thiee hetirts weie studied miero- 
seoitiettlly tinti foiinil nounal. Kidnevs ami atiiontils of H hainstens were see- 
tioiied. foetis of eoitietil sinusoidal congestion was pic'cnt in one adrenal. 
1 here was slight fatty degeneration of the lenal coin oliited tnluiles of I htinister; 
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and in the kidneys of 2 other hamsters, necrosis of a few cells of the convoluted 
tubules had occurred. 

A comparison of the reaction of the hamster, monkey, mouse, and rat to 
senecionine may yield several points of interest. Since the data about rats 
were, not available, a group of 32 were injected intravenously with this alkaloid. 
The LDso ± S. E. was found to be 41.2 ± 2.8 mg. per kg. Of the 31 rats ex- 
amined, the following changes were observed: Ascites, 11; hydrothorax, 12; 
pulmonary edema, 7; petechiae in the thymus, 8, and in the lungs, 4; hemor- 
rhage into the pancreas and mesentery of the small intestine, 3; slight bleeding 
into the gastrointestinal tract, 5; and necrosis of the liver with sinusoidal conges- 
tion and hemorrhage into cell cords, 22. Necrosis of the livers was all central 
ex'cept that of one, which was periportal and midzonal. Fat was present in 
the cells of the renal convoluted tubules of 14 animals. 

It is thus seen that by comparison of the LDso’s senecionine is equally toxic 
to mice and hamsters, but more toxic to rats. Necrosis of the liver in hamsters 
and monkeys is predominantly periportal, but in mice and rats, is predominantly 
central. Senecionine commonly causes fatty degeneration of the kidneys in 
monkeys and rats, but rarely does so in hamsters and mice. As with rats and 
mice, administration of senecionine to hamsters is followd by evidences of 
endothelial cell injury; that is, development of petechiae, and transudation of 
fluid from capillaries. 

Sulfadiazine. Sulfadiazine was administered to 10 hamsters by incorporating 
2 parts of the drug with 98 parts of the food. It may be pointed Out that 
hamsters seem to prefer pellets. It was for this reason that the medicated food 
was reworked into pellets. At the end of 4 weeks the animals were chloro- 
formed and blood samples were taken. .All of them lost weight. The thyroid 
glands of some hamsters appeared slightly enlai-ged, and microscopic sections 
revealed some hypertroph.y of the thyroid of each animal. The capillaries were 
congested, colloid was diminished, and the epithelial cells were appreciably 
enlarged, with formation of small papillary masses in some acini. 

The thoracic and abdominal viscera were normal. No calculi were seen m 
any part of the urinary tract. The kidneys of 2 hamsters were entirely normal 
microscopically; there was some leukoc.vtic infiltration beneath the pelvic 
epithelium of one kidney of a third animal; and in sections of the kidneys of 
the remaining seven, there was some dilatation of a few small groups of con- 
voluted and collecting tubules. The dilated tubules were empty, and there was 
no inflammatory reaction about them. 

The blood concentration of sulfadiazine in the treated animals varied from 
15.5 to 21.5 mg. in free form, and from 0.3 to 3.5 mg. in conjugated form, per 
100 cc. Obviously, hamsters do not conjugate sulfadiazine to any great extent. 
This may explain the lack of injury to the kidneys. 

Thiouracil. The independent discovery by Richter and C’lisby (10), Kenned,' 
(11), and the MacKenzies (12) of the goitrogenie action of thiourea and its 
derivatives has stimulated studies of additional compounds. In the short time 
which has elapsed since Astwood’s publication on the treatment of hypeiti.' 
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roidism mth thiouracil (13), many observations on this compound have been 
published. 

In our work with hamsters, thiouracil was incorporated in the diet to the 
e.xtent of 0.1 percent. A total of 10 animals was employed. At the end of 25 
to 28 dayfe the animals were killed and their viscera were examined. There was 
loss of body weight in each case ranging from 6 to 26 grams. The thyroids 
were congested, but only slightly enlarged, and the other organs appeared normal. 
Microscopically, there were congestion of capillaries and veins in the th 3 Toids, 
diminution of colloid, and some enlargement of acinar cells. The colloid in 
some acini was faintly eosinophilic, and in other acini it was pale and granular. 
The acinar cells were enlarged and usually of low columnar type, although many 
were only cuboidal. In some acini the cells formed papillary ingrowths. The 
nuclei were slightly enlarged and rounded. Figure 3 contrasts the thyroid of 
a thiouracil-treated hamster with that of a normal animal. The degree of 



Fir. 3.t 120X Thyroid of li.imster that received thiouracil in the diet at a level of 0.1% 
for 2.3 da 5 's Colloid is greatly diminished, the acini are considerably enlarged, and the 
cells, nlthoiigh only slightly enlarged, form papillary ingrowths into some of the acini. 

U. 120X Thyroid of normal hamster Compare with A 

hypertrophy of the thyroids of all treated animals was appreciablj" less than 
.shown by a group of .similarly treated rats. However, since the hamsters lost 
weight, while the rats gained, it is possible that the former did not eat sufficient 
medicated food to develop the full effects of thiouracil. Unquestionably, the 
goitrogenic action of thiouracil on the hamster is the same as that on the mouse, 
rat, guinea pig, rabbit, and dog. 


SUMMARY 

1. Intravenous administration of appropriate single doses of alloxan to the 
liarn.ster leads to necrosis of renal tubules, and to injury of the beta cells of the 
pancreatic islands with development of very high blood sugar levels. 

2 Intravenous administration of single doses of senecionine to the ham.«ter 
results in development of periportal necrosis of the liver. 

3. Prolonged administration of sulfadiazine to the hamster docs not result 
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in severe renal injury, probably because the concentration of the conjugatea 
form in the blood is so low. Slight hj'pertrophj' of the thyroid and decrease 
of its colloid can be demonstrated. 

4. Addition of thiouracil to the hamster’s diet results in hypertrophy of the 
thyroid epithelium and diminution of colloid, but the effect seems to be less 
intense than in the rat. 

Achwwkdgment. We are indebted to Dr. Richard H. F. Manske, formerly 
of the Division of Chemistry, National Research Council, Ottawa, Canada, for 
the supply of senecionine used in this study. We are also indebted to Misses 
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assistance in these experiments. 
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There has recently been introduced a series of sympathomimetic compounds 
related to the )3-phenylethylamines, but with a cyclohexyl ring replacing the 
phenyl group (1-4). The relationship between structure and oxidation by 
amine oxidase has been extensively studied for the /S-phenylethjdamines by 
Beyer (5), and the excretion of a number of these compounds by the rat has 
been the subject of a recent communication from this laboratorj^ (6). Con- 



Fio. 1. The Oxidation orp-CiCLonExyLETHiLAMixEs in the Pbbsence of Lives Aiiine 

Oxidase 


sequcntly it appeared north while to investigate the influence of methyl sub- 
stitution on the metabolism of the /S-cyclohe.\ylethylamines. 

Methods, The procedures used nere the same ns those pre\Tously emploj ed in a study 
of suijstitutcd d-plicnylethylanuncs (0). 

Tlic influence of amine oxidase i\as studied in the conventional tVarburg apparatus. 
The flasks contained 0 0025 mmol, of the amine hydrochloride and 1 cc. of rabbit or guinea 
pig U\cr homogenate buffered at pH 7.2. The enzyme preparations vrerc used either 

‘ Eeported at a meeting of the American Chemical Society, Atlantic Citv, X. J., April 

0-12,1010. • y ‘ 
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immediately, with the addition of 0.1 cc. of M/15 sodium cyanide, or after dialysis against 
distilled water at 0° C. for twenty-four hours. 

In excretion tests, 0.05 mmol, of the aaune hydrochloride was injected subcutaneously 



Fta. 2. The Oxidation of B-i’sENmETHtTAMiNEs in the Presence or Liver Amine 

Oxidase 

TABLE 1 

The excretion of 0-phenylethylamines and p-cyclohexylethylamines in the urine follomny 
subcutaneous administration to rats 


PEX CEKT or POSE ZXCMXED IN UXINE 


COliyOUND 1 

R « pbenj’I 

I R =» cyclohwyl 


Average 

Rasge 

Average 

Range 

R— CH,— CH,— NHj 

1.7 

0.9-3. 8 

0.2 

0- 0.9 

R— CH,— OH— NH, 

14.8 1 

9.3-22,6 1 

8.1 

4.9-15.3 

CBt 


j 


0.1- 0.3 

CHi— NHi 

f 1 

4.2 

2.3- 5.8 

0.2 

1 

CH. 




0-5- 0,8 

R— CH— CHj— NH— CH, 

1 

CH. 

3.0 

1 

1 0.8- 4.1 

o.r 


into adult white rats, and the urine was collected for twenty -four hours. Amine excretion 
was determined by the picric acid colorimetric method of Hichter (7). In all cases, an 
ahquot of the urine was boiled with hydrochloric acid before extraction in order to deter- 
mine whether any of the compounds were e-xcreted partially in a bound form. 
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Discussion of results. The compounds^ included in this investigation 
were /S'Cyclohexylethylamine, a-inethyl-/S-cyclohexyIethyIainine, jS-methyl-^- 
cyclohejcylethylamine, and N-methyl-/J-methyI-/9-cyclohexyIethylamine. 

As in the case of the jS-phenylethylamines, a-methyl substitution prevents 
oxidation by the amine oxidase system. The other three compounds were 
oxidized to approximately the same extent (fig. 1), but methyl substitution 
definitely slowed the initial rate of oiddation. This is in distinct contrast to 
the findings with the j8-phenylethylamines (6), where /J-methyl and N-methyl 
substitution markedly increased the total oxygen uptake (fig. 2). No significant 
differences were observed between results with guinea pig and rabbit livers or 
with the fresh and dialyzed preparations. 

An average of 8% of the dose of a-methyl-^-cyclohexylothyl-amine ■was found 
in the urine in 24 hours; slight but probably insignificant increases were observed 
after boiling the urine with hydrochloric acid. The other compounds were 
excreted to an extent of less than 1% of the dose, and there was no evidence of 
conjugation. Table 1 presents these data, together with the results previously 
reported for the corresponding /S-phenylethylamines (6). The e.xtent of destruc- 
tion is somewhat greater for all of the cyclohexyl derivatives. 

SUMMARY 

1. a-Methyl substitution of )9-cyclohexylethylamine prevents oxidation of 
the compound in the presence of amine oxidase preparations, and inhibits to a 
significant extent its destruction following subcutaneous administration to 
white rats. 

2. /S-Cyclohexylethylamine and its ^-methyl- and N-methyI-/3-methyl- 
derivatives are oxidized by amine oxidase, and are almost completely destroyed 
by the intact animal. 


REFERENCES 

1. Bucke, F. F., and Monboe, Ezra: J. Am. Chem. Soc., 61; 91, 1939. 

2. Bucke, F. F., and Zientt, F. B J. Am. Chem. Soc., 61: 93, 1939. 

3. Gunn, J. A., and Gotd, M. R.; J. Physiol., 97: 453, 1940. 

4. Lands, A. AI., Lewis, J. R., and Nash, V. Loraine: This Jovsnal, 83: 253, 1945. 

6. Sever, K. H., and Morrison, Helen S.: Ind. Eng. Chem., 37: 143, 1945. 

G. Bntder, F. H., Goetze, H., and Oberst, F. W.iThis Journal, 88: 145, 1948. 

7. Ricnran, D.: Biochem. J., 32: 1763, 1938. 

’ The authors are indebted to Dr. S. M, Parmerter of The Wm. S. Merrell Co. for the 
synthesis of the first compound ; to Dr. Glenn E. UHyot of Smith, Kline & French Co. for 
supplying the second compound; and to Dr. Bruno Puetzer of Vick Chemical Co. for furnish- 
ing the third and fourth compounds. 



ON THE RESPONSE OF THE INTESTINE TO 
SMOOTH MUSCLE STIMULANTS^ 

G. L. CANTONI and G. EASTMAN 

From the Deportment of Pharmacology, Long Island College of Medicine, and (he Department 
of Pharmacology, Mew York University College of Medicine 

Heceived for publication May 8, 1946 

The obsen^ation that continued exposure of the heart muscle of aplysia to 
muscarine results in the development of tolerance for this drug formed the basis 
of the well known potential theory of drug action (1), A similar interpretation 
has been placed on the findings of Feldberg and Schilf (2) that intestinal smooth 
muscle can be made insensitive to histamine by constant exposure to large doses 
of the drug. The observation that isolated intestinal smooth muscle Joses it 
capacitj’' to contract in response to a prerdously effective dose of histamine 
following administration of this drug in large doses has also been reported bj' 
Barsoum and Gaddum (3). According to Clark this "appears to be one of the 
clearest cases of a phenomenon that can most simplj' be interpreted as a potential 
action” (4). The potential theory of drug action, however, does not enjoy 
unqualified acceptance as it involves a mechanism that has no counterpart in 
the well studied phenomena of physical or biological chemistry. 

Feldberg and Solandt (5) have recently made the observation that when 
intestinal muscle is suspended in glucose-free Tyrode solution, it loses progres- 
sively its rhythmic activity as well as the capacity to contract in response to 
repeated administrations of acetylcholine. They ascribe this loss of contractility 
to the exhaustion of the metabolic reserves from wliich the muscle derives the 
energy needed in the process of contraction. It appeared therefore of interest 
to investigate again the mechanism underljdng the loss of contractility induced 
by large doses of liistamine and the experimental findings form the basis of 
this report. 

Methods. The isolated small intestine of the guinea pig was used in all exp®dmeDt®' 
The animals were stunned with a blow on the head and bled out. The intestine was washed 
out thoroughly with warm Tyrode and used immediately. A 3 to 4 cm. segment from the 
lower third of the ileum was suspended in a bath of 40 cc. capacity. (In some experiments 
a smaller bath of 4 cc. capacity was used.) The lumen at both ends was left open and the 
upper end was attached by a thread to a Lovatt Evans frontal lever (6), writing on a slowly 
moving kymograph, (The magnification was about three times.) The 40 cc. bath m 
which the strip was immersed was kept oxj'genated by a stream of air bubbling slowly 
through it and maintained at a constant temperature by being immersed in a larger bath. 
The temperature was controlled within 0.2° C. by an electric thermostat. In all experi- 
ments, unless stated, we used a solution of Tyrode freshly prepared from stock solutioM, 
so that the final solution had the following composition: NaCI 0.80%, KCl 0.02%, 

0.02%, MgCb 0.01%, NaHC Qj 0.1%, NaHFO. 0.005%. (It may be noted that the K/Ca 

‘ This investigation has been made with the assistance of a grant from the Committee on 
Therapeutic Research, Council on Pharmacy and Chemistry, American Medical Associa- 
tion, 
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ratio of this solution is 1 0 as compared with that of 1 75 for Ringer Locke’s solution ) 
After being suspended, the strip nas allowed to rela\ for about 30 minutes and then the 
drug to be tested, dissoK ed m 0 4 cc of distilled w ater, w as added to the bath Concentra- 
tions are always e\pressed as the final concentration in contact with the smooth muscle 
strip The drugs were allowed to remain in contact with the intestinal strip for 45 seconds 
after which the bath was emptied from the bottom and rinsed twice with Tyrode solution 
The interval between two subsequent drug administrations was kept constant (4 minutes) 

Experimental results Experimenls vnlh hislannne The contractility of 
the intestinal strip can be followed for several hours by administering at legular 
and short intervals an effective dose of a stimulating agent If the dose is 
kept constant, the response of the intestinal strip after the first two or three 
contractions becomes stabilized and remains constant for a period of several 
hours Any change in the response to this dose, w hich w e will hereafter designate 



H H.» H H H H H H 


tic I Eirirr OF A LAnnr Dosl OF Histamivf ON Tin llLsroNsn i m ss oi Intlstinal 
Smooth Miscii Giinfa Pic Ilh m SiNetNULu is 40 cc TmooE 
•> — histamine J 200 million (, Standard Reference Dose) Hioo = histamine I 2 million 
Interinl betW'*en two subseiiuent doses is 4 minutes 

as the s'MflanI reference dose, must thercfoic be due to a change in the con- 
tractility of the prcpaiation llv mtoipolutmg a do'^e of the stimulating agent 
'-c'cral times as large as the slandard reference dose, it is possible to study the 
effect of this large dose upon the contractilitv of the intestinal smooth muscle 
1 ‘■ing histamine we lia\o been able to icpioduce the obsenations of Barsoum 
and Gaddum that the capacity of the I'-olated ileum to contract m lesponNC to a 
pre\iousl\ effeetne dose of histamine is greatU impaired aftci administration 
of a large do-e of this drug Such an exponment is illnstiatcd in figinc 1. 

Once the initial le\el of lesponsueness of the preparation to a slondard refer- 
rnri ilnse of histamine (1.200 mtllton) had been established, a ilosc 100 times 
as large (1.2 milliim) as the stanilaid was gueii 'I'liis resulted, as was to be 
expeeteil, iti a muili gre.iter respon-e The standard refennci dose when then 
ii pe.ited, proiliK ed a \ er\ stmill i ontiaction 'I'lie subsmpmnt standard reference 
dose i.uised an e\en smalh r lesponse This period of decre.ised contractilitv 



394 


G, L. CANTONI AND G. EASTMAN 


lasted for about 20 to 30 minutes during -which time the response of the strip 
to the smaller dose of histamine given at regular intervals graduallj’ returned 
to the initial level. 

Almost parallel -with the decrease in responsiveness to a stimulating agent 
there occurred a change in the spontaneous mot)lit3' of the strip. Immediate!}' 
folloiving the large contraction produced bj' histamine in a concentration of 
1:2 million, there was an almost complete loss of the spontaneous rhj-thmic 
contractions which, however, graduallj’ reappeared in the course of the next 
20 to 30 minutes. This effect was not seen in everj' case as there was often no 
initial spontaneous rhjdhmic activitj' of the muscle strip. 

The depression in contractilitj' which foUowed a large dose of histamine was 
sometimes so great that the muscle became completelj' refractor}' to the drug. 
The maximum depression usually developed four minutes after the interpolated 
large dose; in several instances, however, the lowest point was reached later. 
Such -iras the case in the experiment reproduced in figure 1. This experiment 
has been repeated numerous times. As long as the essential features of the 
e.xperiment -were maintained — namely the interpolation of a large dose of his- 
tamine in a series of smaller, but effective doses — the results were always the 
same. Neither changes in the time interval and the number of washings nith 
Tyrode between subsequent applications of histamine nor atropinization resulted 
in a deviation from the pattern just described. 

Experimenls mill acetylcholine, mecholyl, pilocarpine, and barium chlondc. 
In order to determine the role and specificity of histamine in the production of 
the loss of contractility just described, a similar experiment was performed using 
acetylcholine. In this case the standard reference dose was 1 : 10 million. The 
response of the intestinal strip to this dose became greatly depressed following 
the interpolation of a dose of acetylcholine 100 times as large. This period of 
depression lasted for about 20 minutes (fig. 2). Essentially the same result, 
namel.v the induction of a period of decreased contractility following a maximal 
contraction, was obtained by using other stimulating agents such as pilocarpine, 
barium chloride and mecholyl. It is shown conclusively, therefore, by these 
experiments that the effect under consideration is not a specific one for histarmne. 

Another e.\periment which further illustrates the lack of specificity of the 
effect described is repreduced in figure 3. In this e.xperiment a series of con- 
tractions of the intestinal strip was produced by administration of standard 
reference doses of liistamine (1 : 100 million) while the large interpolated con- 
traction was induced by administration of pilocarpine (1:100,000). This lar^ 
contraction was followed, as in previous experiments, by a period of decrea- ^ 
responsiveness to the standard reference dose of histamine and the period o 
derceased contractility lasted for about 30 minutes. 

Experiments ivith potassium chloride. The experiments so far described ha'O 
one feature in common, namely the development of a period of decreased con 
tractility following a large, probably maximal contraction of the intes m 
strip produced by different stimulating agents. ^ 

This sequence, superficially at least, is the opposite of what takes p dc 
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skeletal muscle. In the skeletal muscle interpolation of a brief tetanus in a 
series of muscle twitches is followed b5'' a period of increased responsiveness 



A Aioo AAA AAA 


Fig. 2. Effect of a Laiice Dose of Acetyechoune o.v the Responsiveness of Intesf- 
iNAi. S^iooTU Muscle. Guinea Pig Ileum Suspended in 40 cc. Tvkode 
A = acctylcliolino chloride 1:10 million (Standard Reference Dose). .Aioo = acetyl- 
ciiolinc chloride 1:1(X),000. Interval between two subsequent doses is 4 minutes 



HHH 

I'lG. 3. RiFi.er OF A Lmicf. Dose or PiLocAiirisE os the Resi'ossi\eness of Intfst- 
INM. Smooth Muscle. Guesea Pig Ileum Suspended in 10 cu Tyhode 
II histamine 1:100 million (Standard Reference Dose). I’lO'* = pilocarpine 1:100,000 
Interval between tao subsequent doses is 4 minutes. ' 

know It os “post-tct.anic potentiation.” Tliis phenomenon whicli h.as liccn 
thorouixlily iiivc.stiRated by different workers (7) h.ts been attrihtited to an 
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accumulation of potassium ions outside the muscle fiber (8). In support of 
this view is the observation that the interarterial injection of minute amounts 
of potassium chloride results in an increase in the size of the Uritches of normal 
muscles (9). It appeared important therefore to determine what effect a large 
interpolated contraction produced by potassium chloride might have on the 
responsiveness of the intestinal smooth muscle to a stimulating agent such as 
histamine. When such an e.vperiment was performed, there occurred no de- 
crease in the responsiveness of the preparation. As a matter of fact the responses 
to a standard reference dose of histamine (1 : 100 million) became larger than before 
the administration of potassium chloride and gradually returned to normal 
(fig. 4). This, it should be emphasized, is in marked contrast with what happens 
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Fig. 4. Effect of a Large Dose of Potassio.m Chloride o.v the Respo.v^veness o 
Intestinal Smooth Muscle, Guinea Pig Ileum Suspended in 40 cc. 

H = histamine 1:100 million (Standard Reference Dose). KCI final eoncentrati • 
.22% or eleven times that of Tyrode. Interval between two subsequent doses is 4 mmut 


when a large contraction produced by histamine or other stimulants is mtei- 
polated in a series of smaller contractions (figs. 1, 2 and 3). 

The dose of potassium needed in this experiment to bring about a maxima 
contraction of the smooth muscle strip was somewhat large, representing an 
elevenfold increase in the potassium concentration of Tj’rode’s solution. There- 
fore we decided to determine ivhether a smaller increase in potassium concentia 
tion of the perfusion fluid would have a neutralizing effect on the phase o 
decreased contractility which follows a large stimulating dose of histamine- 
To perform this experiment the intestinal strip was suspended in a solution 
containing twice the normal amount of potassium chloride in Tyrode (a solution 
to ivhich we will refer as K-ricli Tyrode). This change to K-rich Tyrode 
not result in any immediately obvious change in the activity of the iso a e 
guinea pig intestine, but the response to repeated equal doses of 
became somewhat larger. Once the response to a standard reference ose 
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histamine (1:200 million) had become constant, a dose 100 times as laige uas 
interpolated irith a lesultant larger contraction. This uas not followed by a 
decrease in the response eness of the stnp (fig 5). It is cleai, therefore, that 
even a small increase in the potassium concentration of the perfusion fluid, bj' 
itself deioid of an obidous effect on the activity of the preparation, is capable 
of preventing the phase of decreased lesponsiveness uhich normallj' follons a 
large contraction 

Discussion. Essentially tvo facts emerge from the experiments described; 

Fust, the phase of deci eased contractility vhich follows a maximal contraction 
of intestinal smooth muscle is not a specific phenomenon as it can be induced 
by histamine, acetylcholine, and a variety of othei smooth muscle stimulants. 

Second, this phase of decieased contiactihty is abolished holh hy large doses 




Jss 


H H H... H H H 


Tyrode's c 2 x KCl 

Do 5 Cvitcr OF A IjxnoE Dosf of HISTAM^^E os the Resfossiiesess of Intestis xl 
Smooth Mi sole Suspended is K rich Tirodf Soietios 
II = histamine 1 200 million Hioo = histamine 1 2 million Intcnal between tno 
subsequent doses is-1 minutes 

of potassium, capable of initiating by tliemsebes a contiaction of smooth muscle, 
Olid hy smaller doses of potassium, which by themselves hare no .such effect. 

-b- regards (he specificity of the phase of decreased contractility which formed 
the object of our miestigations, oui obsenations diffei from those of Barsoiim 
ond Gaddum (3) These authors repoitcd that following administration of a 
large dose of histamine, isolated intestinal smooth musde exhibited onlj, a 
shphtK thminisheil response to acetj kholine, barium, etc while it had become 
insensitive to a pieiiouslv effective dose of histamine Tlie obsenations of 
H.irsouni and Gaddum were obt.iined from experiments on the fowl'!, caecum 
hut then eouelusions about the sjieeificity of this effect for histamine were 
l.itei extended to incUule other types of intostm.il smooth mnsele (10). In yiew 
of out olisenations, it is ile.ir that the reaction of the intestinal smooth muscle 
of the guinia pig is diffeient from tint of the fowl .\s the guinea pig’s ileum is 
gfner.ilK itsid foi biologie.il ass.iy of liistaimne. It appears that the widely 
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employed practice of regarding the insensitivity to histamine which follows a 
large dose of this drug as a criterion for its identification in biological materials 
is not on firm ground and might lead to error. 

An explanation of the mechanism of the phase of decreased contractility is 
not immediately forthcoming. It has been shoum by different investigations 
that the stores of chemical energj’ available to smooth muscle for the contraction 
process are rather small. In this respect intestinal smooth muscle is quite 
different from other t3’'pes of muscle tissue, such as the heart, which e.xhibit 
spontaneous rhythmic actmtj’. The carbohydrate reserves and the spontaneous 
rhythmic activitj' of the smooth muscle strip can be depleted b,v various pro- 
cedures such as asphj’xia of short duration, poisoning rvith iodoacetate and 
perfusion with glucose-free solution (5, 11, 12). The heart muscle exhibits 
much greater resistance to similar treatment. The decreased contractilitj' 
which formed the object of our experiments, though it develops in the presence 
of glucose, can be interpreted along lines similar to those suggested b\' Feldberg 
and Solandt (5) to explain the loss of contractilitj'^ observed in glucose-free 
solutions. The huge energj' e.xpenditurc which underlies a maximal contraction 
of smooth muscle might lead to exliaustion of the available stores of chemical 
energj- and thus afford an explanation for the depression of contractilitj' which 
develops in the isolated guinea pig’s intestine after the maximal contraction. 

As regards the mechanism ivherebj' potassium neutralizes the phase of de- 
creased contractilitj' onlj- speculation is possible. Bj' the use of muscle homo- 
genates and partiallj' purified enzj’me preparations it has been established that 
potassium plaj'S an important part in the glj’colytic esterification of phosphate 
(13, 14). Boj'er, Lardj' and Phillips (15) have shown that potassium has an 
essential and specific role in the transfer of phosphate from 2 phosphopyruvatc 
or 3 phosphoglycerate to the adenj-lic system. Similarlj' potassium is essential 
in the phosphorj’lation of creatine which accompanies pj'ruvate oxidation. 
Calcium ions have been shown by these investigators to be directlj' antagonistic 
to the transfer of phosphate to the adenj'lic sj’stem. Our observations could 
be explained on a similar basis if we are to assume that potassium ions also 
plaj' such a role in the intact smooth muscle. llTien the intestinal stnp is 
immersed in solutions whose K/Ca ratio is higher than 1.0 there would occur an 
increased formation of energj' yielding metabolites such as phosphocreatmeor 
adenosine triphosphate. It is ivell to emphasize, hoivevcr, that such an explan.i- 
tion is of a hj'pothetical nature. 


SUMMARY 

1. The effect of large doses of histamine, acetj'lcholine, pilocarpine, and 
potassium chloride on the responsiveness of isolated guinea pig intestine 
investigated. 

2. Maximal contractions obtained in response to a large dose of histamine, 
acetylcholine, pilocarpine, barium chloride, and mecholj'l were follow ed )J 
temporarj' depression of the contractile responsiveness of the intestinal s '>P- 
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On the other hand, a maximal contraction in response to large doses of potassium 
chloride did not result in a decreased contractility of the preparation. 

3. A small increase in the K/Ca ratio of the perfusion fluid, such as obtained 
by doubling the potassium content of Tyrode solution, was sufficient to neutralize 
the effect of large doses of histamine, acetylcholine, pilocarpine, barium 
chloride, etc. 
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It was discovered by Lange and von Krueger (1) in 1932 that alkyl esteis of 
fluorophosphoric acid gave rise to toxic vapors which produce laryngeal, respira- 
tor}', and visual disturbances in fairly low concentrations. In 1941 McCombie 
and Saunders (2) undertook the synthesis of related compounds which offered 
promise of usefulness as toxic war gases. In preliminary e.xperiments they found 
that the di-isopropyl ester fluorophosphate (DFP) provided one of the most 
potent lethal inhalants. This compound 

(CH3),CH0 F 

\ / 

P 

(CIDeCHO O 

has been the subject of numerous investigations during the war, described in 
various special reports. The power of the fluorophosphates to inhibit cho- 
linesterase, described by Mackworth (3), has attracted most attention. 

The present paper deals with the general systemic actions of DFP by intra- 
venous injection in cats. 

Toxicity. The potency of several samples of DFP was found to vary. The 
data relating to the range of fatal doses have been charted in figure 1. The 
material designated as Sample A includes two specimens of DFP obtained from 
University of Chicago in September and November, 1943. Shortly after they were 
received they were sub-divided and sealed in small pyrex'glass ampoules. One 
of these ampoules was opened on each experimental day, diluted vith distilled 
water to make a 1% solution, and the desired quantity injected rapidly intra- 
venously. The mortality rates after doses of from 1 to 10 mg. per Kg- are 
represented in the figure. From these data the LD50 of Sample A was calculated 
to be 3.6 mg. per Kg. The results show considerable irregularit}', partly due to 
deterioration, since at the time these e.xperiments were carried out, the fact of 
fairly rapid deterioration was not appreciated. One of the ampoules when 
opened, and although chilled to 0°C., was under high pressure indicating that 
some change had occurred. It was also found that diluted solutions show appre- 

' The work described in this paper was done under contract, recommended by the Com- 
mittee on Medical Kesearcli, between the Office of ScientiHc Research and Devclopmcn 
and the Cornell University Medical College XT U n 

= This study is part of a cooperative investigation planned and carried out by McJvccn 
Cattell, Harry Gold, and other n orkers in the Department of Pharmacology. The paper is 
published under the name of the chief collaborators. 
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ciable reduction in potenc5' during the course of the day. Adkins and Wilde (4) 
showed that the compound undergoes half-hj'drolysis in 16 hours in aqueous 
solution. While these factors reduced the absolute accuracy of the LD50 for 
Sample A, the value is useful from the standpoint of the fact that during the 
time in which it was obtained, other studies relating to protection against DFP 
were in progress with the same materials. 

The material designated Sample B was received from the Biochemical Division 
of the Chemical Warfare Sendee at Edgewood in June, 1944. Its potencj’’ was 



fio. 1. Log (Do^k)— Mortauty Cvr\es from Vi'uicu the LD50 Dose \Y.\s 
DETFnvnED ron Two Swples of DPP 
FiKures at points represent number of c.ats for each dose 


about twice that of Sample \, the LD50 being approMmatcly 1.7 mg. per Kg. 
(6g. 1 ). The remits with this specimen show much less variation because at this 
time wc were aware of the ncce;,sity of tiring the materi.al shortly after dilution. 

-Vccount was t.aken of the difference in the potency of Samples A and B in the 
interpretation of the influence of other agents on tlie toxicitv of DTP. 

'rhe study hv Horton. Koelle, MeXamara, and Pnitt (5), showed that the 
susceptibility of the cat occupie' a portion between the much more suscoptiblo 
rabbit and more tolerani dog. The report of Sntitii and Oates (6) indicated that 
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by inbalation of the vapor the monkej’' was much more susceptible than the 
rabbit. 

Symptoms after intravenous injection. These were observed in more than 
200 cats, in 81 of which they were studied in some detail. DFP was injected in a 
1 per cent aqueous solution in a single dose in amounts varjdng from 1 to 8 mg. 
per Kg. The symptoms were motor unrest, signs of apprehension, muscular 
twitching which usually began in the head and neck region, head or body tremor, 
ataxia, weakness, pilomotor stimulation, respiratorj’^ stimulation (panting) 
associated vith labored respiration, salivation and defecation or diarrhea. There 
was no vomiting. There was sluggish response to a painful stimulus. The 
foregoing sjTnptoms progressed, the respiratorj' diilicult 3 ' increased, and the 
uiurest with thrashing about became extreme. Death was sometimes preceded 
bjf typical camphor-like comuilsions. After the first few hours the motor unrest 
ceased, and in most cases the outstanding sjTnptoms in advanced poisoning v ere 
prostration vith shallow or labored respiration. 

TABLE 1 


Duration of symptoms in fatal cases {unprotected cats) 




1 DtntATIOV or SYMPTOUS 



Range 

Average 

1 

CTt /Ks 

2 0 A 

27 min 


17 

3 0 A 

12 mm -1 day 

3 5 hours 

2 

4 0 A 

51 min -23 hours 

10 2 hours 

18 

5 0 A 

6 min -2 3 hours 

32 minutes 

3 

GOA 

2 5-6 days 

3 7 dajs 

6 

7.0 A 

4-17 min 

9 min. 

3 

S 0 A 

24 mm -14.5 hours 

5 G hours 


There was a latent period after the injection before sjTnptoms appeared. It 
varied from about 1-18 minutes after the doses used. There were marked 
individual differences. For example, a 3-mg. dose produced effects in 2 minutes 
in one cat; in another onlj' after IS minutes. In general the latent period was 
longer the smaller the dose. 

The course of the poisoning xmried and terminated in one of three waj's; death, 
fairlj’’ prompt and apparentlj’ complete recoverv, or protracted sjmptoms. 

The data concerning the duration of the effects in normal cats vhich suc- 
cumbed are summarized in table 1. There uere marked indrvidual x'ariatrons. 
For example, one cat succumbed to 3 mg per Kg. in 12 minutes vhereas in 
another, the course ran as long as 24 hours The largest doses usualK caused 
death in a matter of a few minutes, uhereas in the case of the smaller fatal doses 
the course was often longer tenninatmg fatallj' after a period of manj’ hours, 
vdth profound prostration and a combination of respirator j' and circulatorj 
failure. The relation betu een the size of the dose and the duration of poisoning 
is clearly seen in the results vith thefairly large groups rrliich received 3 and 5 mg. 
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respectively. The 5-mg. group died in an average of 32 minutes, while the 
3-mg. group took on the average of 7 times as long (3.5 hours). There were a 
few fatal cases in which the course was prolonged to several days. 

The data concermng the duration of efiects in normal cats which survived are 
summarized in table 2. After doses of 2.5 mg. per Kg. or more, S 3 miptoms of 
poisoning usually persisted for several days. Again, there were marked indi- 
vidual variations in the duration of the symptoms, one animal recovering 
completely after one day and another taking more than 17 daj^s after a similar 
dose. 

One cat not included in the table, which received a total of 6 mg. in 3 doses over 
a period of 2 weeks, after the acute symptoms subsided, developed weakness, 
ataxia, and pilomotor stimulation, which were still present more than 5 months 
later. This appeared to be a permanent injuTy by DTP. 

Symptoms of this nature and of unusualty long duration were fairly frequent in 
another series of animals which by reason of protection by other agents were 

TABLE 2 


Duration of symptoms in survivors (unprotected cats) 


hO. or CATS 

DOSE 

DUSATIOV OP SYilTTOUS 


Average 


mi /Ks. 



1 

1.0 A 



1 

2.0 A 

! 1 day 


e 

2.5 A 

1-6 days 

3.3 daj’S 

15 1 

3.0 A 

1-174- daj's 

4.74- days 

3 

4.0 A 

3-4 days 

3.6 days 

5 

5.0 A 

0 Iiours-4 daj's 

1.8 days 


enabled to sundve much larger doses of DlfP. The results are summarized in 
tables 3 and 4. 

In table 3, which shows the fatal cases, the duration of sjunptoms was longer 
than in the unprotected animals (see table 1), and lasted as long as 11 daj-s in 
one and 15 days in another. 

The most striking results arc seen in table 4. MTiereas unprotected animals 
never surrdved doses above 5 mg., survivals were common with doses of 7 and 
10 mg. of DFP among animals wliich received atropine, the combination of 
atropine with magnesium, or phj-sostigmine. In these animals, after acute 
symptoms subsided, nicotino-like actions appeared, intense muscular weakness, 
ataxia, nndmuscular twitching, and persisted for periods of a week or two, in some 
casc-s for .‘•cver.al months. In the c.asc of the animals protected vith physostig- 
inine there was a delay in the development of the chronic sjunptoms. Ncarlv all 
appeared nonnnl on the day following the DFP injection, and only after a period 
of from 2 Vo 23 days (average Hi) did ataxia appear in about half the animals. 
This symptom iierslstcd as long as (he nnimals were kept under observation 
(.") to 2S days). 







404 


■W. MODELL, S. KROP, P. HITCHCOCK -UH) W. F. RIKEE, JR. 


The fact that sjTHptoms disappear in about 3 to 4 daj^s after a dose of 4 mg. of 
DFP but persist for an average of about 16 daj’s after a dose of 7 mg. favors the 
assumption that the duration of the effects of DFP is only partly dependent on 
the elimination of the drug. It suggests that DFP in large doses produces an 
injur}’- of nicotine-like nature from -which animals do not recover quickly, and the 
indications are that in some the injurj' may be permanent. 

The effects of DFP are intensified by physical stimulation. This is especially 
noticeable during the period of recovery when the animal seems to be normal 

TABLE 3 


Duration of symptoms in fatal cases (protected cats) 




i 

PUSATION OF SVMPTOUS 




Range 

Average 

12 

mg./Kg. 

5.0 A 

Atropine 

19 min.-2 days 

1.2 days 

8 

7.0 A 

Atropine 

10 min.-S da 3 's 

1.2 days 

4 

10.0 A 

Atropine 

9-20 min. 

15.2 min. 

7 

7.0 A 

Atropine-magnesium 

! 12 min.-15 days 

1 3.4d.ays 

4 

1 10.0 A 

Atropine-magnesium 

j 27 min .-1.7 hr. 

j 1,4 hours 

1 

7.0 B 

Phyaostigmine 

11 days 



TABLE 4 


Duration of symptoms in survivors (protected cats) 


NO. OF CATS 

DOSE 

PROTECTIVE AGENTS 

1 

duration of SYUPTOilS 

Range 

Average 

29 

mg./Kg. 

3.0A 1 

Atropine 

0.5-12 days 

8.6 days 

7 

5.0 A 

Atropine j 

7-61 days 

15 days 

2 

7.0 A 

Atropine 

6-27 daj’S 

16.5 days 

6 

5.0 A 

Atropine-magnesium 

0.5-8 days 

3.7 days 

4 

7.0 A 

Atropine-magnesium 

8-14-t- days 

10.5-i- days 

3 


Atropine-magnesium 

9-10 days 

9.3 days 

1 

3.0 B 

Ph 3 'sostigminc 

12 hours 

17-h days 

17 

7.0 B 

Phj'sostigmine 

4 hours-50+ days 


when it sits quietly. At this time, if it is excited or roughly handled, it ma) 
develop muscular tiritching, ata.\ia and sometimes complete loss of muscular 
power. The effect of stimulation is also seen in the pupillar}’- reaction. In this 
case the pupil may be normal until after a period of exposure to a bright light 
whena miotic action appears which persists after the animal is placed in dim light. 
This is probably due to the diminished capacity for the disposal of acetycholine 
in the case in which the supply of cholinesterase has been reduced bj' DFP. 

The duration of action of DFP was studied in a series of 47 cats which receive ^ 
the compound intravenously in repeated doses according to various schedu m o 
inten’als. These results show that the cat does not completely recover wi lu 
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24 hours from the effects of one-third of an LD50. Such a dose (1 mg. per Kg.) 
was given daily in each of 3 cats. The early doses produced no visible effects 
but soon weakness and tremors appeared which progressed untU the animals 
died after from 9 to 13 daily doses, or a total of 9 to 13 mg. per Kg, There was 
undoubtedly some recoverj' from the effects of the single doses within 24 hours 
because, by this method of administration, the animals succumbed only after 
receiving a total of from 3 to 4 times the LDSO. 

In the case of the 3 animals in which the daily dose was doubled, as might be 
expected, the total dose which proved fatal was smaller (4 to 8 mg. per Kg., 
2 to 4 daily doses). There is probablj' involved in these experiments the phe- 
nomenon of sensitization of the animal by previous doses rather than accumula- 
tion of the drug. There is no indication that previous doses of DFP protect 
against subsequent ones. The effects of DFP are, therefore, in this respect 
unlike those of ph3’sostigmine. The absence of protection against DFP by 
previous doses was obsen'ed in the case of each of 3 cats which received large 
doses of DFP (7, 10, 10 mg. per Kg. respectively). They sundved these doses 
as the result of protection by physostigmine. Thej' were free of s3Tnptoms -ndthin 
8 to 11 hours after the DFP. The repetition of the dose of DFP together with the 
protective dose of ph3’sostigmine in from 2 to 29 da3-s proved fatal in each case. 
It is clear, therefore, that the first dose of DFP had not dimhushed but appar- 
ently increased the sensitivity of the animal to the subsequent doses. 

Circulation. The effect of DFP b3’ intravenous injection on the blood pressure 
was studied in 10 e.\periments on cats. The essentials of the results are sum- 
marized in table 5. “Dial” anesthesia (0.5 cc. per Kg. intraperitoneally) was 
Used in most cases; "nembutal” (30 mg. per Kg. intravenous^’) in one; and pro- 
caine (1% solution) in another for local anesthesia. The DPP was given 
intravenousb’ in single doses of 0.01 to 2.0 mg. per Kg. and in total doses of from 
0.4 to 8.0 mg. per Kg. over periods of from 0.5 to about 4 hours. The behamor 
of the blood pressure was observed during periods of from 1 to 4 hours. It ma3’ 
be noted that the foregoing doses proved fatal in onh’ 2 animals during theperiod 
of observation. The remaining animals, after the periods of stud3’ indicated. 
Were used for other purposes and sacrificed. In the two fatal cases there vas no 
abrupt change in the blood pressure, but a gradual fall to zero; in one case within 
nearly 2 hours after the second dose (total 3.0 mg. per Kg.); in the other case 
there was a fleeting drop from IGG to SS .after the first dose of 1.0 mg. with prompt 
recovc:3’, followed by progressive fall of the blood pressure to zero o'l'er a period 
of about 1.25 hours, after the final dose of 2.0 mg (total 3.0 mg. per Kg.). The 
occasional fairl3’ sharp drojt of the blood pi-e.'sure w Inch hasted onb’ a few minutes 
ma3’ be a non-specific injection effect The results of these experiments indicate 
fhaf DFP does not produce any caih' significant direct effects on the blood pres- 
sure in cat-- The prc-.,uro was well maintained over a period of several hours 
even in animals which were se\crely poisoneii. Late in the course of poisoning 
the bloml pn—uro showcrl a progressive decline. IVhcthcr this was the result of 
some (lela.ved direct action of the dnig or whether it w.a.s sfcondarv’ to other 
factoi-s, such, for example, .as the deterioration of respiration, is uncertain. 



T.VBLE 5 


Effect of intraicnous DFP on hlood pressure in cats 


CAT hO 

IKTERl AL 
BET^TE^ 
DOSES 

DOSE 

BLOOD PRESSURE* 

PERIOD 
OP OBSSR 
%ATIO\ 

PIN At 
BLOOD 
PRESSURE 

REMARKS 


' ntn 

' mg /Kg 

mm Bg 

min 



1 

0 

mm 

194-170 

69 

170 

E C G recorded 


■17 

mm 

170-170 




0 


0 2 

18S-1SS 

100 

170 

E C G recorded 



0 8 1 

176-182 






3 5 

176-182 





1 

! 3 5 j 

1 

182-188 




3 

0 

1 1 

1 1 0 

170-170 

140 

0 

Procaine anesthesia 


30 

2 0 

160- 0 



Gradual decline of BP 

4 

0 

1 0 

122-122 

160 

104 

Vagi sectioned 


73 

2.0 

128-122 





1 49 

1 2 0 

1 

102- 94 




5 

0 

1.0 

134-128 

151 

88 

Vagi sectioned BP. be- 


72 

2 0 

140-134 

i 


gan to fall in last 30 







minutes 

0 

n 

1.0 

166- 88-180 

145 

0 

Vagi sectionad 



1.0 

136-130 





■■ 

2.0 

154- 0 




7 

0 

1 0 

178-172 

1 

; 233 

172 

Vagi sectioned 


18 

1.0 

160-160 





9 


148-148 





110 


160-118 





69 

2 0 

160-124-160 




12 

0 

0.1 

210-170-200 

266 

175 



37 

0 5 

190-190 





34 

1.0 

190-185 





86 

1.0 

180-180 




1 

34 

2.0 

200-200 


1 



29 

2 0 

200-160-200 

1 

1 

1 

1 


13 

0 

0 5 

150-150 

152 

140 

Adrenalectomized 


41 

0 2 

145-145 





19 

0 3 

125-125 





43 

0 5 

120-120 





15 

0 5 

125-125 





13 

1 0 

135-130 





18 

2 0 1 

135-130 




16 

0 

0.5 i 

115-120 

124 

100 

MTembutal anesthesia 


18 


124-100-124 



.4dronalcctomired. Cord 


54 

1 1.0 

92- 92 



transected (cor\icaI) 


“Dial” anesthesia except \\here otherwise indicated. 

• First figure is level just before injection, subsequent figures indicate maximum 
changes 

Sample “A” of DFP used in these experiments 
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The effect of DFP on the electrocardiogram wa.- ob=er\'c-d in 2 animal? ICat 1 
and 2 of table 5), after a total dose of 0.4 mg. per Kg. in one ca.-e, and I.O mg. in 
the other ca.=e. The^e do?e? produced no electrocardiographic change?. 

DFP caused slouing of the heart rate. Thj= v.as .'een only during th?* effect 
of do?Es V. hich caused severe poL=:oning. No effect on the heart rate v a? obsen. ed 
vrith doses lover than 2 mg. per Kg. The sloving of the heart v.s~ more apt to 
take plac-e after doses of 4 mg. or larger. The slorring of the heart rate d<^veIoped 




Ds 2 P.Kcop.D OF Co,\TE-‘cnov OF I'.-rE=Ti.'rE; i;; tup. Cir ?f.'ovi.\o I.vcaEv=FD 

-tcnMTT Follovino DFP •vd .^Eoctnov ft .\TEO?i;rF. 
tiFP2r".E p^r Ke ir.travpcoa.*!:. 
rut 

j'";' I’.izi.t %api? cut. 

.\tropirr •ulfstr 1 ruE. p^r Ftr, jut ravrr.ou.*! v, 

I* Vi J>vf* 1, 

* *11 liizhT VS.ZU5 

DJ- P 2 jTiZ, K;:- in!r2.venou®Iyr 


vrr.di.-ally in much the >.nmc vay a= the oth'-r ,risn- of poi-oning and t mr/^t 
markr-d rhjrsnz the pr.ri<y] r.hrn th" ‘•V'*emic ‘.v-mptom.' vt.-c rr.r^* p.m-ion—rr-i 
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4') ■ for the c.'P. im.drr thr^e condition-. Tr.r do" inn r/ the heart did no* ocrjjr 
it. all .-.nimr.!-. and ’•■} ;!c it ap; to Ik- p'r-f.nt during ad'. an^ffl po'-r,-.:'- - h-- 
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TABLE 5 


Effect of intravenous DFP on blood pressure in cats 


CAT NO. 

INTERVAL 

betweeJ^ 

DOSES 

DOSE 

BLOOD PRESSeSE* 

PERIOD 
OP OBSER- 
VATION 

PINAL 

BLOOD 

PRESStFRE 

BENARES 


min. 

ms.fKg 

mm.Bg 

mtn. 



1 

0 

0.2 

194-170 

69 

170 

E.C.G. recorded 


47 1 

0.2 

170-170 




2 

0 


188-188 

100 

170 

E.C.G. recorded 


mm 


176-182 







176-182 





■i 


1S2-18S 




3 

0 

I.O 

170-170 

140 

0 

Procaine anesthesia. 


1 30 

1 

2.0 

! 160- 0 

1 



Gradual decline of BP 

4 

0 

1.0 

122-122 

160 

104 j 

Vagi sectioned 


78 

2.0 

128-122 





49 

' 2.0 

1 

102- 94 




5 

0 

! 

134-128 

151 

88 

Vagi sectioned. B.P. be- 


72 

! 2.0 

140-134 



gan to fall in last 30 




! 



minutes 

6 

0 

1.0 

166- 88-180 

145 

0 

Vagi sectioned 


48 

1 1.0 

‘ 136-130 



1 


19 

2.0 

1 

' 1&4- 0 

1 




7 

0 

1.0 

178-172 

233 

172 

Vngi ECOtinncH 


18 

1.0 

160-160 





9 

2.0 

148-148 





116 

2.0 

160-148 





69 

2.0 

160-124-160 




12 

0 

0.1 

210-170-200 

266 

175 



37 

0.5 

190-190 





34 

1.0 

190-185 


1 



86 

1.0 

ISO-lSO 


j 



34 

2.0 

200-200 





29 

2.0 

200-160-200 




13 

0 

0.5 

150-150 

152 

140 

Adrenalectomized 


41 

0.2 

145-145 





19 

! 0.3 

125-125 





43 

0.5 

120-120 





15 

0.5 

125-125 





13 

1.0 

135-130 





18 

2.0 

135-130 




16 

0 

0.5 

115-120 

124 

100 

Nembutal anesthesia. 


18 

0.5 

124-100-124 



Adrenalectomized. Cord 


54 

1.0 

92- 92 



transected (cervical) 










“Dial” anesthesia except xv’here otherwise indicated. 

• First figure is level just before injection; subsequent figures indicate maximum 
changes. 

Sample “A” of DFP used in these experiments. 
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DI-ISOPROPYL ILUOROPHOSPIL^TE 

The effect of DFP on the electrocardiogram nas obsen-ed in 2 animals (Cat 1 
and 2 of table 5), after a total dose of 0.4 mg. per Kg. in one case, and 1.0 mg. in 
the other case. These doses produced no electrocardiographic changes. 

DFP caused slowing of the heart rate. This uas seen only during the effect 
of doses which caused severe poisoning. Xo effect on the heart rate w as obseri ed 
with doses lower than 2 mg. per Kg. The slowing of the heart w as more apt to 
take place after doses of 4 mg. or larger. The slowing of the heart rate developed 


I i 


- 2 ^ 


Fifi. 2 Record of Contraction of Small Intestine in* the Gat Showing Increased 
Actimt^ Foliowing DFP \nd Its Abolition by Atropine 
11:13 DFP 2 mg per Kg mtravenousl> 

11«37 I,,eft ^agus cut 
11*39 Right \agus cut, 

11-48 \tropme sulfate 1 mg per Kg mtra\enously. 

11*50 Reft \agus stimulated. 

11-53 Right \agus stimulated 

12 02 DFP 2 mg per Kg mtra%enously. 


gnidually m much the same way as the other signs of poisoning and w’as most 
marked during the period when the systemic sj'raptoms were most pronounced. 
The heart rate sometimes declined to levels of about 70 a minute, which isfairh- 
slow for the cat, under these conditions- The slow ing of the heart did not occur 
in all animals, and while it was apt to be present during advanced poisoning by 
fatal do'Cs, the heart rate w as also sometimes rapid in such cases. 

The hcait rate and blood pressure changes did not follow any consistent rel- 
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tionship, indicating that in the presence of the bradycardia some compensatory 
action must have been at work to prevent a fall in pressure. 

The intrai'enous injection of 1.0 rog. per Kg. of atropine sulfate after a total 
of 6.0 mg. of DFP (Cat 7) caused moderate acceleration of the heai't rate ivith 
slight rise of the blood pressure after a.momentary decline. In one case (Cat 4, 
fig. 2), the atropine caused an abrupt fall of the blood pressure in association 
with the relaxation of the intestinal tract. 

Bilateral cendcal vagotomi" failed to produce any significant acceleration or 
change of the blood pressure which was progressively falling after 4.0 mg. of 
DFP (Cat 6). 

Stimulation of the peripheral end of the right severed vagus after a total of 



Fig. 3. Blood Pressure Curve Showing Increased Sensitivity to Acetvlcholi.ve 

AFTER DFP 


“Dial” 0.5 cc. per Kg. intraperitoneally. 

3 — Acetylcholine 0.0001 mg. per Kg. intravenously. 

4 — ^Acetylcholine 0.000025 mg. per Kg. intravenously. 

5 — DFP 0.1 mg. per Kg. intravenously. 

6 — ^Acetylcholine 0.00001 mg. per Kg. intravenous!}'. 

9 — Acetylcholine 0.00001 mg. per Kg. intravenously. 

10 — DFP 0 5 mg. per Kg. intravenously. 

11 — Acetylcholine 0.00001 mg. per Kg. intravenously. 


4.0 mg. of DFP resulted in fairly typical slowing and fall of the blood pressure 
(Cat 7). 

The intravenous injection of 0.01 mg. per Kg. of epinephrine after 4.0 mg. of 
DFP (Cat 7) produced the typical rise of the heart rate and blood pressure. 

The response of the blood pressure to acetycholine was tested in each of two 
cats after the administration of DFP. Both showed that DFP markedly 
sensitizes the blood pressure response to aeetyleholine. This sen.sitization 
requires very small doses of DFP, as little as 0.02 mg. per Kg., one-hundredth 
of the amount neeessary to produce I'isible systemic effects in the cat. The 
sensitization appears within a minute and is fairly persistent, showing no diramu- 
tion after 30 minutes. The sensithdty of the response to acetylcholine may 
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increase ten-fold. The change reaches a ceiling after verj' small doses of DFP as 
shown by the fact that after a dose of 0.1 mg. per Kg. in one experiment in which 
the response was sensitized, the administration of doses of DFP up to a total of 
7 mg. per Kg. failed to increase the sensitinty further. A typical example is 
shown in figure 3. There were 19 injections of acetylcholine, mostlj’’ of 0.01 
microgram per Kg. intravenous^' at various inten'als before and after each of 
6 doses of DFP (total 6.6 mg. per Kg.). It may be noted that the dose of 0.025 
microgram per Kg. in the control caused a smaller decline of the blood pressure 
than the O.Ol microgram after DFP, and that larger doses of DFP failed to 
intensify the response to the subsequent doses of acetylcholine. 

Eye. In the normal unanesthetized cat the intravenous injection of DFP 
produced no significant pupUlarj' changes. The pupU continued to react to 
light, but as mentioned in the previous section, there was a tendencj' for the 
pupil to remain constricted when the animal was put in the dark after e.xposure 
to a bright light. 

The effect of local instillation of DFP was studied in each of 4 cats, the results 
of which are shown in table 6. The conjuctival instillation of one drop of 


TABLE 6 

Local action of DFP on eye 


CAT hO. 1 

DFP (p.*STaU2) LOCALtv) 

DURATION Of iOOSIS 


mf i 


8 

0.6 

21 months 

21 1 

0 06 

2 months 

22 

0 006 

10 davs 

29 

0.0006 

o" 


solutions varying from 0.001 to 1.0 per cent produced no local irritation in the 
oye. A dose of 0.0006 mg. was ineffectual, while doses of from 0.006 to 0.6 mg. 
produced intense miosis which appeared in from 5 to 30 minutes. Some reaction 
to light remained even after the larger doses when the pupil was reduced to a 
slit. The miosis persisted for a period of from 10 d33'S to more than 2 months. 
A phenomenon having the same significance as the one mentioned in coimection 
"1th the sj’stemic injection of DFP was observed after its local application in the 
6ye, naraelj', that during the period of recoverj', nhen, in the treated eye, the 
pupil rvas of the same size as in the untreated one, a difference between the two 
pupils could be established bj’ flashing a bright light on the ej'es. 

The long persistence of the local miotic action suggests some kind of irreversible 
change similar to that prerdouslj' discussed in relation to the long lasting effects 
of the large sj’stemic doses of DFP. 

Neuromuscular transmission. In poisoning by DFP, impairment of neuro- 
muscular transmission vas observed. It appeared to take place only in the 
most advanced stage of poisoning uhen the blood pressure was at very low levels. 
It is not j-ct possible to state whether this was a specific action or secondary' to 
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other factors. The changes were observed in each of three cats during “Dial” 
anesthesia (0.5 cc. per Kg. intraperitoneally). Single doses of 1 to 2 mg. per Kg. 
were g?ven intravenously at intervals of from 10 to 45 minutes and total doses of 
from 4 to 13 mg. per Kg. The contraction of the gastrocnemius muscle of the 
cat was recorded with the isometric technic, the nerve and muscle being stimu- 
lated alternately with the Harvard inductorium with tetanic stimuli of 1 second 
duration at intervals of 50 seconds. The force of the contraction of the muscle 
when stimulated directly was w'eU sustained from begi nnin g to end. In the 
terminal 15 to 30 minutes, however, the tension in the muscle during stimulation 
of the nerve fell off fairly abruptly. The blood pressure in all three animals at 
this time was very low, 40, 40 and 70 mm. It had been low for a considerable 
period before the neuromuscular transmission began to fail. The suggestion 
was obtained in one experiment that anoxia ivas not the cause of the impaired 
transmission since effective artificial respiration sufiScient to bring about a 
contraction of the pupil which had become dilated by asphyxia, failed to reverse 
the domiward course of the neuromuscular transmission. 

Neuromuscular transmission was tested in each of two cats with continuing 
symptoms of DFP poisoning 6 to 10 days after the dose was given. These 
animals looked normal while at rest but whenstimulated to activity, after running 
a few yards they sprawled out on the floor and were unable to stand until they 
had rested about 5 minutes. With the technic described above, tension records 
were obtained from the gastrocnemius in response to brief tetanic stimulai 
applied to the sciatic nerve. In both cats the contractions fell off rapidly during 
stimulation, in contrast to the well sustained tension of the controls. 

Cxastro-intestinal trad. It has already been mentioned that the normal 
unanesthetized cat respbnds to an intravenous dose of DFP vith defecation or 
diarrhea. We have observed no instance of vomiting. After a fatal dose, direct 
inspection of the gut showed various degrees of constriction. One animal receiving 
a large dose had pale, rope-like intestines with almost complete obliteration of the 
lumen, from just below the stomach to and including the sigmoid. 

The behavior of the gut was studied in each of 9 cats in which a balloon was 
inserted into the duodenum through an opening in the stomach and the contrac- 
tions recorded by means of a tambour. The animals were anesthetized with 
“Dial” (0.5 cc. per Kg. intraperitoneally). The DFP was injected intravenously. 
The single doses varied from 0.1 to 2.0 mg. per Kg. The lowest efiecth'e dose 
was 1.0 mg. per Kg. The response of the gut in these e.xperiments substantiated 
the observations made b}' direct inspection. There was an increase in the tone, 
the rate, and amplitude of contractions. There was a latent period which varied 
from 1 to 14 minutes. Pre\’ious ineffectual doses shortened the latent period. 
The effect on the gut lasted several hours. 

In three experiments, the effect of DFP on the gut was completely abolished by 
atropine sulfate in an intravenous dose of 1.0 mg. per Kg. It was not found 
possible to reinstate the effect by additional DFPbut the failure to obsenu mutual 
antagonism may be a matter of dosage. Bilateral vagotomy reduced the action 
of DFP on the gut for less than 5 minutes in 2 cases, but was without influence 



DI-ISOPEOFTL FTiTJOBOPHOSPHATE 


411 


in two others (DFP total doses of 1 to 4 mg. per Kg.). A tj'pical axperiment is 
shown in figure 2. 

In two experiments, epinephrine hydrochloride 0.01 mg. per Kg. was given 
intravenously. It suspended the effect of DFP on the gut for a period of about 
4 minutes. 

Blood and ilood metabolites. The effect of DFP on the blood and on renal 
functions as shown by blood metabolites was studied in each of 6 cats. Each 
recdved a dose of 7 mg. of DFP per Kg. intravenously and survival was insured 
by the administration of 10 mg. of atropine sulfate and 0.5 Gm. of magnesium 

TABLE 7 


The effect of DFP on blood and blood metabolites 


CAT NO. 

DATE 

Hb 


T73.C. 

NJ.N. 

NJJf. 

227 

2/23/44 

Gfrt.% 

13.8 

fntUtons/mm* 

8.4 

thousands/tnn * 

17.5 

fng./lOO cc. 

47 

mg./JQO cc. 

1.2 


2/26/44 

13.5 

9.6 

27.6 

50 

1.1 


3/ 6/44 

12.5 

7.2 

22.2 

60 

1.1 

229 

2/23/44 

MM 

6.2 

14.9 

64 



2/24/44 


7.8 

31.8 

77 

HEH 


2/28/44 

12.0 

7.4 

38.4 

63 


230 


11 

5.4 

5 3 

51 




14.2 

8.0 

6 3 

57.5 




11.5 

1 6.7 

18.1 

41.5 


231 

2/23/44 

14 3 

7.6 

14.4 

61.5 

1.1 


2/24/44 

14 S 

8.1 

26.0 

73 

1.1 


2/28/44 

14 0 

7.7 

6.0 

83 


233 



6.7 

10.7 

55 





5 9 

12.2 

40 





4.1 

24.0 

40 


234 

3/ 2/44 

12 S 

7 9 





3/ 4/44 

13 0 

7.0 

MSSm 




3/ 6/44 

1 12 0 

7.3 



1 1-1 


sulfate per Kg. intramuscularly. A control value for the following was obtained: 
R.B.C., Hb., W.B.C., N.P.K., and creatinine. These were repeated twice 
during the period of observmtion which lasted from 4 to 11 days. The results are 
summarized in table 7. They show that the large doses of DFP were without 
significant effect on the blood. DFP did not produce azotemia. 

Cmisc of death. It is clear that most of the important sj’Stems of the body are 
involved in the effects of poisoning by DFP: The central nervous system, the 
autonomic nervous s\-stem, the respiratory mechanism, the heart, the circulation, 
the skeletal muscle, the gastro-intestinal tract, the salivarv' glands, the pilomotor 
system, and the eye. 
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The major action winch leads to the changes in these systems is, in all proba- 
bility, the inhibition of the cholinesterase, but there stUl remains the question 
as to the weakest link in the chain which leads to death after fatal doses of DFP. 
It has been assumed that death results from bronchiolar constriction and contrac- 
tures of the respiratory muscles (7). 

In the terminal stages of poisoning with DFP cats present profound depression 
of respiration, and the blood pressure is at the shock level. The exact site of 
action which brings this state about is not 3'et clear. In idew of the marked 
parasympathetic stimulation, the possibilitj’’ of suffocation due to excessive 
bronchial secretion was considered. At autopsy, however, examination of the 
bronchi and lungs failed to reveal any significant amounts of secretion. They 
failed to show pulmonary edema. Bronchospasm as a cause has not been 
excluded, although the absence of wheezing makes this appear unlikelj'. It 
seems improbable that blocking of neuromuscular transmission is the cause of 
death since the animal is in a state of collapse before significant impairment of 
neuromuscular transmission is demonstrable. It is also improbable that the 
heart is a primary seat of trouble. It seems more likely, in the face of the results 
up to the present time, that the cause of the deterioration of respiration and circu- 
lation lies in an action on the central nervous sj'stem. The occurrence of 
protracted symptoms and instances of damage which appear to be permanent 
suggest that something more than a primary inhibition of cholinesterase operates 
in the poisoning by DFP. This factor maj' be responsible for the fatalities occur- 
ring after 10 days or 2 weeks. We have no information concerning the natureof 
this factor. 

The relation between the course of poisoning by DFP and changes in choli- 
nesterase activitj' is the subject of other papers in the series ha\'ing to do uith 
the pharmacology of DFP. 

SUMMARY AND CONCLUSIONS 

1. The effects of di-isopropyl fluorophosphate (DFP) were studied in about 
200 cats. 

2. ' DFP produces the following general effects: Motor unrest, muscular twitch- 
ing, tremors, ataxia, weakness, pilomotor stimulation, respirator}^ stimulation, 
salivation, defecation, diarrhea, convulsions, respirator}' depression, and death. 
The s}Tnptoms fall ito two groups, “muscarine-like,” and “nicotine-like. 
Death appears to result from a combination of respirator}' and circulator}' failure. 

3. There is a brief latent period of from 1 to 18 minutes after the intravenous 
injection before s}'mptoms appear, and their severity varies with the dose. 

4. In normal, non-protected cats, the duration of s}'mptoms is usually fairly 
brief, the dose resulting in recovery or death within a few hours or less, usually 
less than 24 hours. 

5. Cats which have received very large doses of DFP, and have been protected 
by other agents against their acute lethal effects, frequently develop a peimanent 
injur}' with “nicotine-like” symptoms. 

6. The duration of action is only partly due to the persistence of the drug. 
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Cats -nhicli have received doses and are free of symptoms, are sensitized to 
subsequent doses. 

7. Specimens of DFP vary' in potency and lose potency fairly rapidly in 
aqueous solutions The LD50 of one specimen was about 3.6 mg. per Kg., 
and of another 1.7 mg. per Kg. 

8 DFP produces an increase in the tone, rate, and amplitude of contractions 
of the gut, effects which are abolished by atropine and epinephrine. 

9. Advanced poisoning by DFP is associated with impaired skeletal neuro- 
muscular transmission. 

10. DFP in large doses often slows the heart in the normal cat. In such 
cases atropine may produce some acceleration, although bilateral vagotomy 
was without effect in one case. 

11. DFP exerts no immediate direct action on the blood pressure, but in the 
stage of advanced poisoning the pressure declines gradually to shock levels. 

12 Epinephrine produces the typical effect of cardiac acceleration and rise of 
blood pressure after DFP. 

13. DFP markedly sensitizes the vasodepressor response to acetylcholine. 

14. The red blood cell count, white blood cell coimt, hemoglobin, blood N.P.N., 
and blood creatinine are not affected by DFP. 

15. DFP causes miosis of long duration after conjunctival instillation, and 
sensitivity to miotic stimuli after intravenous injection. 

16 The inactivation of cholinesterase is the major action of DFP, but there 
are other actions which may or may not be secondary to this, which play a part 
in its toxic effects. While death from moderate doses seems to be related to the 
"muscarine-like” actions since it is prevented by atropine, the fatal outcomeafter 
massive doses in “protected” animals seems to involve a combination of central 
and peripheral paralysis of a nature similar to that of nicotine. 
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The historj' of the development of the fluorophosphates and detailed studies 
of pharmacological actions are covered by other papers in this Journal. This 
report is concerned mainly ndth acute toxicity of diisopropyl fluorophosphate 
(DPP). 

Data on the toxicity of DFP which Smith and Gates (1) assembled from the 
classified literature plus some additional classified references are reproduced in 
table 1. However, these earlier e.\-periments were principally screening tests and 
as can be seen from this table, in most cases too few animals were used to delimit 
properly the range of the LDSO. Moreover, when larger numbers of animals were 
used, the majority were given doses producing 0% or 100% mortality. The 
present study was undertaken to pro\dde more precisely defined values for the 
acute to.xicity of DFP in several species. 

Experiment.al methods and results. The results of the present investiga- 
tion are presented below together with brief descriptions of the sjTnptoms 
observed in normal, unanesthetized mice, rats, rabbits, dogs and cats after oral 
intravenous, subcutaneous or intramuscular administration of freshly prepared 
DFP solutions. Tables 2 to G give the pertinent experimental details for each 
series. The period of obsenmtion for the deaths recorded was 48 hours. The 
LDSO’s were calculated by Bliss’ method for small numbers of animals (3). 

The following precautions to be observed when working with DFP may be helpful to 
other laboratories. 

f. ProiecCion against (he vapor. Fluorophosphates are moderately volatile and ndthout 
much odor at concentrations which may be dangerous after several hours exposure. Since 
they are slowl}' deto.xified, contact noth fluorophosphates should be avoided for several 
weeks after an exposure which produces even mild symptoms such as pupillary constriction, 
chest pains, nausea or diarrhea. 

2. Storage of the pure compound. DFP should be stored in tightly sealed, hard glass 
containers since deterioration, which may be detected by varying degrecsof brownish-pink 
discoloration of the original, clear, colorless liquid, occurs on continued contact with 
soft glass. 

3. Solutions for biological studies. Because the half-hydrolysis time of DFP is about 
IG hours in aqueous solutions (2), non-aqueous solvents are preferable. Peanut oil solutions 
were used for intramuscular injections. Redistilled propylene glycol has been a satis- 
factory vehicle for oral and intravenous administration. Since propylene glycol is to\ic> 
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the volumes administered must not be too large. Absorption of water vapor by the propy- 
lene glycol must be avoided. Even with these anhydrous solvents, solutions, other than 
peanut oil, were prepared on the day of the experiment. 

Mice. After the subcutaneous administration of a freshly prepared solution 
of DFP in normal saline to Canvorth Farms (Strain CF 1) white mice (18 to 28 
grams), tremors and skeletal muscle fibrillations usually were noted within 


TABLE 1 

The acute toxicity of DFP 


species 

lOtJIX Of ADimJISTRA- 
TION 

\THICXE 

KO. or AKIIULS 

ESnUATED 

LDSO 

aEIXXENCE 

Monkey 

Intravenous 

Saline 

5 

mgrrt./kim. 

Q.25-0.30 

12 

Babbit 

Intravenous 

Saline 


0.4 

5 


Subcutaneous 

Water* 


1.0 

6 


Intraocular 

Pure 


1.15-1.4 

7 


Intraocular 

Triacetin or 

8 

>1.0 

7 


Cutaneous 

propylene 

glycol 

Pure 

2 

>117 

5 


Oral 

1 

Water* 

4 

4.0 

6 

Bat 

Intramuscular 

Water 

51 

2.0 

8 


Subcutaneous 

Water* 

16 

3.0 

6 


Oral 

Water 

10 

5-10 

9 


Oral 

Water* 

16 

6.0 

6 

Mouse 

Subcutaneous 

Water* 

26 

4.0 

6 


Cutaneous 

Pure 

10 

72.0 

10 


Oral 

Water* 

12 

2.0 

6 

Goat 

Intravenous 

Saline 

17 

0.8 

5 


Subcutaneous 

Water* 

10 

1.0 

6 

Dog 

Subcutaneous 

Water* 

1 3 

3.0 

6 


* Presumably water was the vehicle for administration of DFP, although no definite 
statement could be found in this reference. 


15 minutes. With fatal doses, convidsions and respiratory paralysis followed 
qmcMy . Most deaths occurred within two hours. All animals surviving two 
days eventually recov'ered. Table 2 contains the relevant data and the cal- 
culated LDSO’s for mice for subcutaneous or oral administration of DFP in 
saline or water solutions respectively. 

Rais. Normal Wistar Institute white rats (200-300 grams) were intra- 
muscularly injected with DFP in peanut oil. Within thirty minutes thej' became 
weak. After s'ixtj' minutes, fibrillary twitcbings of the skeletal muscles, increased 
salivation, retching, diarrhea and micturition occurred. The majority of rats 
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died from respiratoi^^ failure D-ithin 2 hours. Rats surviving high doses (>1.5 
mgm./kgm.) for more than two hours developed nearly complete paralysis in 
addition to the above symptoms. Chromodacryorrhea was usually present. 
Cholinergic symptoms persisted for several hours and then gradually diminished; 
the paratysis generally persisted and deaths continued to occur during several 
days. The experimental data and the calculated LD50 are listed in table 3. 

Rahhits. Rabbits (1.5-2.5 kgm.) of mi.xed breeds were intravenously injected 
with DFP in propylene glj'col. Some muscarinic effects were obsen^ed but the 

TABLE 2 


Acute toxicity of DFP after subcutaneous injection or oral administration in mice 


ROUTE 

DOSE 

MORTALITY 

LD50 

Subcutaneous 

mgm./hgm. 

2.82 

1/15 

mgm.ligm. 


3. 55 

9/20 

3.71 ±0.16* 


4.47 

12/15 


Oral 

30.00 




35.00 


36.8 ±0.98* 


40.00 

12/15 1 



* Standard error. 


TABLE 3 


Acute toxicity of DFP after intramuscular injection in rats 


DOSE 

MORTALITY 

LD50 

tngmjkgm. 


mgm.lkgm. 

1.26 1 

0/10 


1.33 1 

0/10 


1.5S 

6/10 

1.82 ± 0.09* 


6/10 


2.51 

8/10 


3.00 

10/10 



* Standard error. 


principal signs were observed in skeletal muscle. Within a few minutes after 
injection, local twitching began in various muscles vith the result that inco- 
ordinate waves of contraction appeared to pass over the body surface. Ataxia 
and increased respiration also occurred. In the rabbits more severely affected, 
flaccid paral 3 ’sis of the forelimbs and neck ensued vathin 5 to 30 minutes, accom- 
panied in some animals bj' some spasticity of the hind limbs. At intervals, there 
were tonic and clonic convulsions in the most severeh' affected animals. 

Rabbits which became prostrate generall}’’ died within 1 or 2 hours after 
injection, apparently from spastic paralj-sis of the respiratorj' muscles and 
respiratorj' depression. Some exhibited onlj' flaccid paralysis of the forelirabs 
and neck and usuallj^ died later. Death in these animals followed gradual 
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failure of the respiration or, less often, starvation due to palsy of the neck 
muscles. The -weakness of the neck muscles produced a characteristic minimal 
residual sign in rabbits which survived DFP intoxication: such animals tended to 
rest their heads on some object above the floor level for long periods of time, 
although able to support their heads voluntarily if necessar}'. 

The experimental data and the calculated LDoO’s of DFP for oral (aqueous 
solution) and intravenous (propylene glycol) administration torabbits aregiven 
in table 4. 

Dogs. Mongrel dogs (4.5-10 kgm.) were intravenously injected -with DFP in 
propylene glycol. Severe muscarinic and nicotinic effects were observed. 
Local skeletal muscle contractions were followed by increasingly severe, coarse 
tremors, increased and labored respiration, and ataxia. There were also profuse 

TABLE 4 


Actite toxicity of DFP after intravenous and oral administration in rabbits 


HOUTE 

' DOSE 

UOlTAitTY 

i I,D50 


[ /ttm 


; rnsm {Hm. 

Intravenous 


2/10 



0 35 

12/20 

0.34±0 0i» 


0 4 

10/12 



0 5 

10/10 


Oral 

5 0 




7.5 

3/10 



10 0 

7/14 

9.78 ± 0.65* 


12 5 

11/15 



15 0 

10/11 



* Standard error. 


salivation, vomiting, wheezing respiration and diarrhea. In some dogs the 
tremors became sufficiently mtense to prevent locomotion, Finalljq there was a 
phase of hyperextension -ndth prostration accompanied by convulsions. The 
animals which became prostrate within 35 minutes after injection generally died 
despite lessening of the excitatory effects if the animal survived several hours. 
The terminal signs of delayed deaths were not obsen^ed. The animals which 
recovered, recovered gradually, generally within 4 days. The pertinent data and 
the calculated LD50 are presented in table 5. 

Cats.^ After the intravenous injection of DFP solutions in propylene gl 3 'C 0 l 
in cats, symptoms appeared witlfln 1 to IS minutes The acute symptoms 
included motor unrest, muscular twitching, ataxia, weakness, pilomotor stimula- 
tion, panting and labored respiration, salivation and defecation. Dj'spnea and 
unrest increased in sei erity and death was sometimes preceded by severe con- 

< These data were obtained by Dr. Mclveen Cattcll and associates in the Department of 
Pliarnncolopy , Cornell Unncrsiti Xledical College Their full report occurs cl'ewhere in 
this JoLUVit, (4). 
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vulsions. Wien death was delayed, the outstanding S3nnptoms were prostration 
and shallow or labored respiration. 

There was marked individual variation with respect to duration of symptoms 
and survival time. In general survival time was shorter as the 'dose was in- 
creased. Animals recemng smaller fatal doses sometimes survived for several 
hours, during which time most of the acute sjcmptoms subsided and weakness, 
ataxia and pilomotor stimulation predominated. The same symptoms occa- 
sionally persisted for several days in animals which eventually recovered. The 

TABLE 5 


Acute toxicity of DFP after intravenous injection in dogs 


DOSE 

IfOlTAUTY 

LD50 

ptgm./igm. 


mim./igm. 

1.80 

0/7 


2.40 

2/7 


2.77 

I/IO 

3.43 ±0.62* 

3.20 

5/10 


3.79 

3/4 



* Standard error. 


TABLE 6 


Acute toxicity of DFP after intravenous injection in cats 


coss 

uoRTAurrv 

StmviVAL TIUB 

LDSO 

ptgm./igm. 


mfrtuies 

fngm./igm. 

1.0 

0/12 


' 

1.5 

9/24 

27-270 


1.75 

6/6 

17-131 


2.0 

6/10 

! 21-170 

1.63 ±0.03* 

3.0 

13/13 

13-38 


5.0 

10/10 

4-7 


7.0 

6/6 

4-5 


10.0 

2/2 

3-4 



* Standard error. 


findings are summarized in table 6. The calculated LD50 for DFP intravenously 
administered in these cats is 1.63 mgm./kgm. vdth a standard error of ±0.03 
mgm./kgm. 

Discussion. Since DFP is an anticholinesterase, its effects are chofinergic. 
Nicotinic effects were pronounced in all species with variations as to degree and 
type. Marked muscarinic effects occurred in all species except the rabbit. 

In general, for a particular vehicle, route of administration and species, the 
more rapidly toxic signs developed, the more severe were the eventual effects 
and the greater was the probability of death. The median time of death decreased 
with increase in dose. At doses below those producing 100% mortality, the 
majority of deaths occurred within the first 2 hours, presumably due to bron- 
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Molar constrictioa and contractures of the respiratory muscles (11). In general 
gnirnnk -wMch. became prostrate died. Few deaths occurred after 48 houra. 

Toxicity data on DFP preMously reported in classified literature were pri- 
marily from screening teste and not sufficiently precise to delimit accurately the 
LD50 and its range. The results of the present study are more e.\-tensive and the 
LD50’s and standard errors were calculated by the method of Bliss. These 
data agree fairly -a ell with those previously reported (cf. table 7). e.xcept for the 
oral LD50’s for rabbits and mice. The large standard error for the intravenous 
LD50 for dogs may be due to the heterogeneity of the dogs as regards breed, 
aze and age. 


TABLE 7 


Comparison oj LDSO {mgm-/lgm.) for various species and routes of administration* 



KOUTE OT AOUUflSnATIOS 

SPECIES 

Intravenous 

Subcu- 

taneous 

Intramus> 

cular 

Cutaneous 

Intraocular 

Oral 

Monkey 

0 25-0.30 (12) 






Rabbit 

, 0 4 <51 

0.34 (•) 

1.0 (6) 


>11T 0 (5) 

1.2 (7) 

4.0 (6) 

9.78 (•) 

Rat 


3 0 (6) 

2.0 (8) 

1 82 (•) 



6.0 (6) 
5-10 (9) 

Mouse 


4.0 (6) 
3.71 (♦) 


72.0 (10) 


t 2.0 (6) 

36.8 (•) 

Goat 

0.8 (5) 

1 0 (6) 





Dog 

3 43 (*) 

3 0 (6) 



1 

j 


Cat 

1 1 63 n 

1 1 

1 1 



* References so marked are data from the present study. Others in parentheses are 
cited in the bibliography 


The great variation in susceptibility of different species to DFP is especially 
notable. The intravenous LDSO for the dogwas about twice that for the cat and 
about ten times that for the rabbit. This is in contrast with a rather narrow 
range of individual susceptibilities to DFP uithin a species. The latter is 
exemplified by the small coefficients of variation a Mch reflect the steep slopes of 
the dosage-mortality curves for the different series of the present study. 

SCMiJA-UY 

1. The cholinergic signs observed in normal unanesthetized mice, rats, rabbits, 
dogs and cats after administration of di-isopropyl fluorophosphate (DFP) bv 
different routes of administration have been described briefly. 

2. The acute median lethal doses of DFP after intravenous administration in 
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52 rabbits, 38 dogs and 83 cats; subcutaneous injection in 50 mice, intramuscular 
injection in 60 rats; and oral administration in 45 mice and 50 rabbits have been 
determined. 

3. The LD50’s and the standard errors for the several series of experiments 
■were as follows: 


a. 

Mice 

Oral 

36.8 mgm./kgm. ± 0.98 



Subcutaneous 

3.71 mgm./kgm. ± 0.16 

b. 

Rats 

Intramuscular 

1.82 mgm./kgm. ± 0.09 

c. 

Rabbits 

Oral 

9.78 mgm./kgm. ± 0.65 



Intravenous 

0.34 mgm./kgm. ± 0.01 

d. 

Dogs 

Intravenous 

3.43 mgm./kgm. ± 0.62 

e. 

Cats 

Intravenous 

1.63 mgm./kgm. ± 0.03 


The authors -wish to thank Miss Eleanor B. Donohue for her assistance in statisti- 
cal analj'sis of the data. 
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A large number of chemically unrelated drugs is knorsm to inhibit cholinesterase. 
To this property have been attributed some or all of their pharmacological 
actions. The more potent anticholinesterase agents include eserine, prostigmine 
and related basically substituted pbenylesters of monoalkyl carbamic acids 
(1, 2), methylene blue (3), atabrine (4) and the fluoride ion. In addition, several 
alkaloids possess this action to various degrees (5). The alkjd fluorophosphate 
esters, originally synthesized by Lange and Von Krueger in 1932 (6), are the first 
group of compounds known to inactivate cholinesterase irreversibl}'. 

The similarity between the actions of the alkyl fluorophosphates and eserine 
was first noted by McCombie and coworkers (7), and the irreversible anticholin- 
esterase activity of the former was demonstrated bj' Mackworth (8). Mazur 
and Bodanskj^ (9) have conducted an intensive investigation of the mechanism of 
this enzyme inactivation. The general pharmacology^ of di-isopropyl fluoro- 
phosphate (DFP), the most potent member of the group, has been studied by 
Gattell and coworkers (10) and Bowers (11). 

The irreversible nature of the inactivation produced by DFP permits for the 
first time a simple accurate estimation of the true degree of inhibition of blood 
and tissue cholinesterase activity following the administration of an anticholin- 
esterase drug. Since the return of cholinesterase activit 3 ' can then result only 
from the formation of new enzjme, its rate of sjmthesis in different tissues can 
also be followed. The study of sjmptomatologj' at different levels of cholin- 
esterase activity in the blood and tissues should clarify the present indefinite 
knowledge of this relationship. 

In the present stud)", these factors have been investigated to provide a phar- 
macological background for the clinical testing of the efBcacj" of DFP in the 
treatment of myasthenia gravis. The possible superiority of DFP over other 
anticholinesterase drugs in treating this disease is suggested bj' its prolonged 
effect and its observed production of a predominance of nicotinic over muscarinic 
actions in e.xperimental animals. The relationship between sjmptomatology and 
the degree of inhibition of cholinesterase in the blood and tissues has been studied 
m order to determine the value of following blood cholinesterase levels as a dosage 
guide. Also, the suitability of peanut oil as a vehicle for the administration of 
DPP and certain factors affecting the absorption of the drug have been examined. 

* First Lieutenant, 3L'VC. 

* Major, Sn.C. 
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I. In vitro inhibition of cholinesterase of rat and dog tissues by 
DI-ISOPROPYL fluorophosphate. It was found by Mazur and Bodanskj" (9) 
in their work on the rabbit, monkey and human that for a given species the 
cholinesterases of the red cells and brain are nearly equally sensitive to di-iso- 
propyl fluorophosphate, while serum cholinesterase is markedlj’' divergent. 'This 
is in agreement with the recent report of Nachmansohn and Rothenberg (12) in 
which nervous tissue and erythrocytes were shorni to contain “specific cholin- 
esterase,” while the acet 3 dcholine-splitting enzjTne of the serum was found to be 
an unspecific esterase. Such being the case, measurements of the degree of 
inhibition of red cell cholinesterase following the administration of DFP in vivo 
should provide an indication of the activity of theenzjune in the brain, assuming 
the uptake of DFP to be approximately equal in both types of cells. Inasmuch as 
dogs and rats were also to be used in these studies, in vitro measurements of the 
sensitivity of cholinesterase to DFP were made on dog serum, red cells and 
brain, and rat serum, red cells, brain and muscle. 

Methods. Rat brain homogenates were prepared by rapidly removing whole brains 
from the decapitated animals, weighing, and grinding in the Potter-Elvejhem homogcnizer 
in the presence of a magnesium chloride-sodium bicarbonate solution (4 parts 0.04 M. 
MgClj -I- 1 part 0.15 M NaHCOj) and a small amount of powdered silica. Two rinsings 
were added plus sufficient solution to make a 1:10 suspension. The muscle homogenate 
was prepared similarly from the gastrocnemius, which was first freed of nerve insofar as 
possible and chopped with scissors before grinding. Because of its far lower enzyme 
activity the final concentration was made 1:5. The whole dog brain was ground in the 
Waring blender with four times its volume of 0.025M. sodium bicarbonate. The blood of 
both dogs and rats was defibrinated, the serum removed, and the red cells washed twice 
with saline before being hemolyzed by the addition of two times their volume of distilled 
water. Cholinesterase activity was determined in the Warburg apparatus using slight 
modifications of the method of Ammon as described by Mazur and Bodansky (9). CO- 
production was followed for ten to sixty minutes (a selected time interval was used through- 
out the 'determinations for a given tissue), and cholinesterase activities were calculated as 
percentages of the values obtained from the control vessels containing no DFP. A blank 
containing only NaHCO, and acetylcholine bromide was run each time to correct for non- 
enzymatic hydrolysis, and it was found necessary to run an additional control containing no 
acetylcholine bromide with each hemolysate to account for acid production which was 
invariably observed in these preparations. 

Results. Figure 1 indicates that in the rat, the brain and muscle cholin- 
esterases are considerabb’' more sensitive to DFP than is the enzjune of the red 
cells. In the dog (fig. 2) the reverse is true, the cholinesterase of the brain 
being more resistant to inhibition by DFP than is the erythroc 3 'te cholinesterase. 
In both species the serum cholinesterase shows inactivation at far lower concen- 
trations of DFP than are required to inhibit the enzyme of brain, muscle or 
erv'throcytes. The flattening of the lower portions of the curves before approach- 
ing the base-line, which is particularly apparent with the rat er 3 'throc 3 des 
and dog serum, is attributed to two factors: (1) the presence of a non-specific 
esterase which is not affected by DFP, and (2) the hydrolysis of DFP itself by 
the “phosphofluorase” acthity of the serum (13). 
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NEGATIVE LOG MOLAR CONCENTRATION 

Fig 1 The Inhibition of Rat Cholinesterase bf Di-isopboptl Fluorophoshate 

IN Vitro 

The “pK values” (negative logarithm of the molar concentration of DFP 
required to produce 50% inactivation) were found to be as foUoivs: 


Serum 

Rm 

6 5 

Dog 
6 8 

Red cells 

4 2 

4 3 

Brain 

4 5 

3 8 

Muscle 

4 8 



II. In vivo inhibition and regeneration of cholinsterase as related to 

SYJIPTOMATOLOGY IN RATS, DOGS, AND MONKEIS FOLLOIVTNG THE INJECTION OF 

DI-ISOPROPYL FLUOROPHOSPHATE. It has previously been shown that verj* low 
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values for serum cholinesterase can be produced by DFP in man and experi- 
mental animals with practically no associated symptomatology, but following 
amounts sufiBcient to inhibit brain and red cell cholinsterase markedly, muscarinic 
and nicotinic S 5 miptoms appear (9). The regeneration of serum cholinesterase is 



NEGATIVE LOG MOLAR CONCENTRATION 

Fig. 2. The Inhibition of Dog Cholinesterase bt Di-isoproptl Fluobophosphate 

IN Vitro 

relatively rapid, whereas the red cell cholinesterase has been found to remain at a 
low value for several weeks. Inasmuch as DFP inrreversibly inactivates 
cholinesterase, the return of cholinesterase activity must be attributed to a 
resynthesis of the enzyme. For these reasons it was of interest to determine 
simultaneously the rates of res}mthesis of cholinesterase in a variety of tissues. 
The rat was employed for such a studj’-, the relative rates of regeneration of 
cholinesterase being followed in serum, red cells, brain and muscle 
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Regenration of tissue cholinesterase in rats. One' hundred female rats, each 
weighing approximately 200 grams, were injected uith 1.0 mgm. DFP/Kgm. 
(ca. one-half the LD50). The drug was dissolved in peanut oil (0.1% solution) 
and injected into the left gastrocnemius. The rats were sacrificed in groups of 
six for determinations of the cholinesterase actmties of the serum, red cells, 
brain and right gastrocnemius at inter%’als of 5 hours and 1, 3, 5, 10, 15, 20, 31, 
40, 49, 60, 70, 85, and 98 days. Measurements run on the brains and gas- 
trocnemii of six urdnjected animals fell within fairlj' close limits and the average 

TABLE 1 

Cholinesterase regeneration in rats following the administration of di-isopropyl 

fluorophosphate 

All animals received 1 0 mgm. DFP/kgm. intramuscularly. Each figure represents the 
average value for six rats. 


1 PEX CENT CONTBOl. CHOUNESTEEASE ACIUITY* 

TIUE SAOUEICED 


ArTEfi. INJECTION 

Serum 

Erythrocytes 

Muscle 

Brain 

S hours 

4± 3.7t 

43 ± 13.9 

1S± 4.3 

9 ± 5.9 

1 day 

11 ± 3.1 

44 ± 9.3 

17 ± 8.9 

11 ± 8.2 

3 days 

50 ± 8.7 

54 ± 7.4 

40 ± 10.0 

26 ± 2.6 

5 days 

62 ± 13.9 

1 62 ± 15.3 

41 ± 9.4 

37 ± 2.8 

10 days 

72 ± IS.l 

78 ± 5.0 

SO ± lO.S 

46 ± 3.2 

15 days 

93 i: 17.1 

112 ± 3.6 

53 ± 7.1 

54 ± 3.0 

20 days 

115 ± 16.4 

107 ± 19.6 

69 ± 2.3 

62 ± 1.6 

31 days 

104 ± 23.0 

109 ± 15.7 

66 ± 8.2 

71 ± 3.3 

40 days 

79 ± 32.0 

96 ± 13.5 

71 ± 6.3 

79 ± 7.8 

49 days 

115 ± 25.6 

103 ± 10.7 

76 ± 12.1 

79 ± 5.6 

60 days 

143 ± 48.3 

141 ± 29.7 

83 ± 10.3 

85 ±3.0 

70 days 

117 ± 43.2 

103 ± 8.6 ' 

80 ± 10.9 

82 ± 3.6 

85 days 

94 ± 17.1 

103 ± 16.0 

96 ± 14.4 

88 ± 5.3 

98 days 

115 ± 56.1 

95 ± 13.4 

92 ± 13.5 

97 ±6.1 


• Control brain and muscle cholinesterase activites (in cu. mm. CO, liberated/IOO 
wgm. wet weight tis3ue/30 minutes) : Brain: 442 ± 57; Muscle: 34.0 ± 4.3. 

t Standard deviation: 

values served as controls. The necessity for using the entire brain and muscle in 
such a study arises from the fact that cholinesterase distribution is not uniform 
m these tissues; in the brain there is a great variation between different Iobes(14) 
and in the muscle the concentration is greatest at the sites of the myoneural 
junctions (15). Since the animals exhibited marked indixudual variation in 
respect to serum and red cell cholinesterase activity, it was necessarj' to do a 
control determination on each rat, using a blood sample taken before the injection 
of DFP. The same procedures were used for preparing and assaying the tissues 
as referred to above. 

The dose employed was fatal to 6 of 100 rats. Sj-mptoms were ma.ximat 
approjdmately 5 hours after injection and consisted of fasciculation of the skeletal 
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and lingual muscles, generalized depression and occasionally chromodacryorrhea. 
All animals were symptom free nithin 24 hours. 

Five hours after the injection of DFP the cholinesterase activities of the 
serum, red cells, muscle and brain were 4, 43, 18 and 9 per cent of normal respec- 
tively (table 1). With the exception of the unusually low figure for brain, these 
values are in line mth the relative sensitivities to DFP found in vitro. Due to 
the high lipoid content of the brain, it might be expected to take up a relatively 
greater amount of a lipoid-soluble agent. The serum and red ceU cholinesterases 
were rapidly regenerated, returning to control values in approximately two weeks. 
In brain and muscle, the initial regeneration rates were high, so that ivithin three 
days the cholinesterase activities were more than tmce what they had been 
following the initial inhibition. After this the retumwas much slower, and 
approximately one hundred daj^s were required for the complete restoration of the 
normal enzyme activity. 

In vivo inhibition and regeneration of cholinesterase in the dog and monhey. 
It can be seen from the above data that severe sjanptoms associated with the 
inhibition of cholinesterase are apparent only when tissue cholinesterase values 
reac^ a low level. Moreover animals became sjnnptom free when only a fraction 
of the normal amount of enzyme was present. WTiereas the rat affords a con- 
venient species for the study of tissue cholinesterase, sjTnptomatology can be more 
advantageously followed in the dog and monkej'. It is not feasible in these 
animals to follow the progressive regeneration of brain and muscle cholinesterase. 
However the enzjTnatic activity of serum and red cells can be studied in respect 
to dosage and symptoms. The same applies to humans. Thus in this manner 
dosage in humans might conceivably be controlled by objective measurements of 
cholinesterase activity. The monkey is particularly suited for such a study 
inasmuch as Mazur & Bodansky (9) have shown that in this species the in vitro 
sensitivities of brain, red cells, and serum cholinesterases to DFP are practic.^lly 
identical to esterases from the same sources in humans. 

PaocEDunE. Nine dogs and four monkeys (Macac.a mulatta) were given single intra- 
muscular injections of DFP in peanut oil in doses ranging from 0.05 to 5.0 mgra./kgm. and 
0.05 to 0.3 mgra./kgm. respectively. Control values for serum and red cell cholinesterase 
activity obtained beforehand showed great individual variation between different animals 
but consistent values from day to day in a given anim.d. Signs of into.xication and the 
degree of inhibition and rate of regeneration of scrum and red cell cholinesterase were 
followed. The first sample in the dogs n-as taken 24 hours after injection and observations 
were continued until recovery was complete. The monkeys were followed at more frequent 
intervals. 

Dogs. In agreement with the in vitro inhibition curves, it was found that at the 
lower dosage range (0.05-1.0 mgm. DFP/kgm.) the inhibition of serum cholin- 
esterase 24 hours after injection was greater than that of the red cell cholinesterase 
(table 2). At higher doses (1.0-5.0 mgm./kgm.) the erythrocyte cholinesterase 
showed further inhibition, exhibiting zero activity at the highest dose emplo 3 Td, 
while the serum retained a substantial portion of its activity due to its rapid 
regenration rate and the presence of the non-specific enz.vme fraction. The red 
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cell cholinesterase retuined slovly. In dog D (5.0 mgm./kgm.) it was regener- 
ated to approximately 90 per cent of normal after one hundred days. Onty four 
animals shoued sjTnptoms: dogs K (2.0 mgm./kgm.), B (3 0 mgm./kgm.), C 
(4.0 mgm./kgm.) and D (5.0 mgm./kgm.). Dog K, the led cell cholinesterase 
actmt}' of which fell to 14% the first daj' after injection, gave evidence of slight 
nicotinic action consisting of uncoordinated skeletal muscle fasciculation, which 
disappeared completelj* after the fifth day. The animal’s normal activities were 
in no way impaired and no muscarinic effects were obserx'ed. During this period 

TABLE 2 

haclnalion and regenc) alion of serum and erythrocyte cholinesterase in dogs following single 
intramuscular injections of DFP tti oil 
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there was a slight rise in red cell cholinesterase activity and the serum cholin- 
esterase activity rose from 43 to approximatelj’' 80 per cent. Dogs B and C suc- 
cumbed to the effects of the drug before the 24 hour sample was obtained Dog 
D exhibited an unusually high resistance to the toxic effects of DFP, as it re- 
covered from a dose of 5.0 mgm./kgm. The day following the injection its serum 
cholinesterase activit.v had fallen to 11% and the red cell acth’ityto zero. This 
dog presented severe nicotinic symptoms. Wien the animal uas lying doum in 
complete relaxation there uas little indication of abnormality, but on standing 
or attempting to move extreme muscular tremors and fasciculation ensued, 
along uitli a persistent priapism. Forcing the dog to ualk resulted in spastic 








428 


GEORGE B. KOELLE AND ALFRED GILMAN 


paral3'sis, from which it relaxed sIowIjl After a few daj-s it became conditioned 
to this state and preferred to remain as motionless as possible. Its appetite 
remained normal in spite of the initial difficult3' it had in eating, and copious 
amounts of water were consumed. Most unexpected was the nearh- complete 
absence of an3f muscarinic S3'mptoms (e.g. miosis, brad3'cardia, diarrhea) and 
onl3' a slightl3' excessive degree of salivation was observed. This was increased 
noticeabh^ at one time when the dog struggled during blood sampling and was 
presumabl3- due to an excessive quantit3' of acet3’lcholine being poured into the 
circulation as a result of increased activit3-. The nicotinic S3-mptoms graduall3' 
decreased in severity and by the tenth day were scarcely noticeable, at which time 
the serum cholinesterase had returned to nonnal but the er3-throc3’te cholin- 
esterase was onl3’ 2 per cent of the control value. 

Monkeys. i\Ionke3’s A and B (0.05 and 0.1 mgm. DFP/kgm. intramuscularl3') 
showed no s3'mptoms. Monke3' C (0.20 mgm./kgm. i.m.) developed marked 
muscular fasciculation, particularh' in the lingual, trapezoid and deltoid muscles, 
about one hour after injection, at which time the serum cholinesterase activit3' 
had fallen to zero and the red cell cholinesterase to 11% of its original activit3'. 
Fasciculation graduall3' spread to the muscles of the face, legs, and abdomen and 
eventuall3' became generalized. Diarrhea was present but there was no miosis, 
excessive salivation, bradveardia, or apparent bronchial constriction; respiration 
was rapid and shallow. When the animal was returned to its cage, it was 
extremel3’- e.xhausted and its attempts to climb were poorh* coordinated. B3' 
the fourth da3r the nicotinic S3Tnptoms were gone but the monke3' had become 
e.xtremel3' deh3'drated, emaciated and weak. In spite of repeated saline and 
glucose infusions death ensued on the fifth da3'. 

Mon]ve3’ D (0.30 mgm./kgm. i.m.) showed an earl3' course similar to that 
of Monke3' C. Thirt3'-nine minutes after injection, when the serum cholin- 
esterase activit3' had fallen to zero and the er3-throc3’te to 3%, nicotinic fascicula- 
tion first appeared and followed the same pattern as in the previous animal. 
One hour later salivar3^ flow became copious and the presence of distinct rales 
and wheezing indicated bronchial constriction; respiration was d3’spneic. The 
animal died in respiratoiy failure 108 minutes after injection, and autops3' showed 
the air passages to be filled with froth3' fluid. Cholinesterase determinations 
run on a blood sample collected immediate^' after death gave zero values for 
both semm and red cells. 

The cholinesterase of the serum and red cells was regenerated at a much slower 


rate in tliis species than in the rats or dogs (table 3). 

Discussion. The above findings emphasize the fact that the overt behanof 
of an organism ma3^ be completely normal when the cholinesterase ofboththe 
blood and the tissues is inactivated to a ver3' great extent. Judging from fh® 
findings in rats, the critical amount necessar3’ in the brain and muscles for 
animals to remain apparenth' normal is between 10 and 20 per cent of that 
initialh' present. Following inactivation to below this level b3' DFP, the initia 
regeneration rates and concomitant disappearance of s3mptoms were rapid. 
The regeneration rates then fell off so that several weeks elapsed before the 
orimnal amounts of cholinesterase were restored. 
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The regeneration rates of red cell cholinesterase in the dog, monkey and rat 
deserve special comment. The mammalian eridhrocyte, a non-nucleated cell, 
might be presumed to have little anabolic activity. Following the irreversible 
inactivation of an enzjTne contained in these cells, the reappearance of enzjTmatic 
actirdty can only be expected to be associated with the appearance of newly 
formed cells in the circulation. Thus the rates of regeneration of red cell cholin- 
esterase should parallel the rates of erjdhropoiesis. ^loreover the time necessarj^ 
for the return to normal enz 3 'matic activit}’’ should be a measure of the life 

TABLE 3 


Inactivation and regeneration of serum and erythrocyte cholinesterase tn monheys following 

single doses of DFP in oil 
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duration of the erj'tlirocyte Figures that have been obtained for the life 
durations of the erjdhrocj tcs in the monkey, dog, and rat are 120 days (16), 
97-117 days (17) and 8-9 dax s (18) respecUvelj . These figures agree closely 
""ith the regeneration times of et\ throcyte cholinesterase acti\ ity presented in 
tables 1, 2 and 3 The rapid legeneration of inactivated serum cholinesterase is 
comparable to the rate of formation of scrum proteins in general (19). The 
normal function of the cholinesterase of the serum and red cells remains a matter 
for conjecture. 

The relative absence of muscarinic actions after doses of DFP wliich produce 
extreme nicotinic effects may be the result of enhanced sjmpathetic activity. 
It may be assumed that DFP inactivates the cholinesterase of all autonomic 
ganglia, including the adrenal mcdualla and those of the sj-mpathetic nen'es. In 
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the Dionkey wliich received the highest dose of DFP, muscarinic actions, including 
diarrhea, excessive salivation and bronchoconstriction, did become marked. 

The limitations of the use of the degree of inhibition of serum and red cell 
cholinesterase activity as an index of the enz 3 Tnatic activity in the tissues are 
clearty evident from the above data. The great suseeptibUity of serum cholin- 
esterase to inhibition by DFP, especiallj'- in the monkej', makes possible the 
nearly complete inactivation of this enzyune at dose levels which have negligible 
effects on tissue cholinesterases as judged by the cholinesterase activity of 
erj'throcy^tes and absence of sjTnptoms. Thus the futility of relating the 
pharmacological actions of an anticholinesterase drug to its effects on serum 
cholinesterase is apparent. Likewise the clinical significance of variations in 
serum chohnesterase may be questioned. On the other hand in vitro suscep- 
tibility of the cholinesterase of erythrocytes is of the same order of magnitude as 
that of brain and muscle. As a result there is a relationship between the degree 
of inhibition of erythrocyte cholinesterase activity and symptomatology'. How- 
ever the difference in the rates of regeneration of the cholinesterase in red cells 
and other tissues limits the use of erythrocyte cholinesterase as an index. For 
example, in dog D there was complete remission of synnptoms ten days after the 
administration of DFP. During this inteiv-al no appreciable return of erydhro- 
cyte cholinesterase activity was detected. The slow regeneration of red cell 
cholinesterase also permits this enzyme to be inactivated by' repeated small 
doses of DFP which have little cumulative effect on the cholinesterase of tissues 
and serum which are more rapidly' replaced (2)). 

III. Studies on the stability and absorption or solutions of di-isopropyl 
FLUOROPHOSPHATE IN OIL. DFP has been found to hydrotyze rapidly in buffered 
and unbuffered aqueous solutions with the production- of hy'drofluoric and 
di-isopropy'l phosphoric acids (21) . The instability of aqueous solutions prompted 
the search for a vehicle, suitable for clinical use, in which DFP did not decompose. 
The fact that DFP, an oily liquid, is completely' miscible in oil suggested the 
use of peanut oil. 

The stabilitij of DFP in peanut oil. A peanut oil solution containing 1.0 mgm. 
DFP per cc. was prepared 25 August 1944 and storedin a rubber-stoppered amber 
glass bottle at room temperature. Mouse toxicity tests were run on this material 
at intervals of 0, S, 28, 40/) 52, 105, 287 and 347 days and the results compared 
with the toxicity of a freshly-prepared control solution. To determine its 
stability against autoclaving, a solution of the same concentration was prepared 
in autoclaved peanut oil, using aseptic technique insofar as possible, and sealed 
in 2.0 cc. ampoules. The following day it was autoclaved for 1 hour at 
and a mouse toxicity test was run against a similarly' prepared unautoclavca 
sample. 

Results are presented in table 4. No deterioration was detected after auto- 
claving for one hour or storage for nearly' a y'ear, and the autoclaved solution wifi 
found to be sterile with respect to both aerobic and anaerobic organisms. This 
preparation has been used successfully' for intramuscular injections in humans 
( 22 ). 
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The rate of intramuscular absorption of DFP in peanut oil. The property of 
DFP to inactivate cholinesterase irreversibly provided a criterion for foUoning 
the absorption of the drug when the mode of administration was varied. To 
determine the influence of concentration on the rate of absorption of DFP from 
an intramuscular site, two dogs were injected with the same dose (1.0 mgm. 
DFP/kgm. ijn;) at different concentrations, 5.0 mgm. and 25.0 mgm. per cc. 


TABLE 4 

The slabiliiyof DFP in peanut oil 

All solutioDB prepared as 1 .0 rngm. DFP/cc. ; assayed by subcutaneous injection in mice. 
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TABLE 5 

ttaie of inactivation of serum and erythrocyte cholinesterase in dogs following intramuscular 
injection of DFP in oil 
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Blood samples were taken at frequent intervals for the determination of the serum 
and red cell cholinesterase acthdties. These values are presented in table 5. 
The slight differences between the two sets of figures indicate that absorption of 
the drug took place nearly as rapidly with the dilute as uith the concentrated 
solution. Both dogs shoved skeletal muscle fibrillation and excessive salivation 
approximately one hour after injection and were sjTnptom-free the following day. 
It is interesting to note that restoration of serum cholinesterase began between 
four and eight hours after injection. 
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Estimation of the intramuscular: oral dosage ratio. The ratio between the 
effective intramuscular and oral doses of DFP was determined by giving a solution 
of the drug in peanut oil to four monke 3 ’s by stomach tube in doses rangingfrom 
0.10 to 0.50 mgm. per kgm. and comparing the resulting eholinesterase levels of 



0.05 0.1 0 2 0 3 0.1 0.2 0.3 0.5 

DOSE (MG PER KG ) 

Fig. 3. The Ikitial Inhibition of SEiimi and Red Cell Cholinestebase in Monkevs 
FOLLOWING THE AdMINISTBATIOH OF Dl-IBOPKOPTL FlHOBOPHOSPHATE 

the serum and red cells with those previous^ found in monkej's recehing intra- 
muscular injections, hlourlj" blood samples taken in the period immediately 
follondng administration showed that on a basis of serum and red cell cholin- 
esterase inhibition, absorption was complete within three hours. Subsequent 
values are shown in table 3. Monkey H (0.50 mgm. DFP/kgm.) was the only 
animal in this group in which any sign of DFP action was manifested. This 
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consisted solely of fasoiculation of the lingual muscles, which became appaient 
two hours after administration and had disappeared by the follomng da 5 ^ 

A comparison between the initial red cell cholinesterase inhibitions produced 
by the oral and intramuscular administrations of DFP (fig. 3) indicates an 
intramuscular: oral dosage ratio of 1:4. Tliis value ■s%as confirmed in humans 
by the foUoning experiment. Three volunteers were given intramuscular 
injections of 0.5 mgm. DFP/60 kgm. of a sterile peanut oil solution and three 
others received orally four times this dose in gelatine capsules. Cholinesterase 
determinations performed on blood samples taken 24 hours after administration 
gave average serum cholinesterase actirnties of 39 and 36 per cent of the control 

TABLE 6 


Inhbttton of serum and red cell cholinesterase in humans S4 hours after single doses of 
di-isopropyl fluorophosphate in peanut oil 
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values for the two groups respectively (table 6). The cholinesterase of the 
erythrocytes was not affected by these doses and no sjTnptoms were noted. 

SUMXL4.RY 

1. Rats, dogs and monkeys appeared to show no physiological abnormality 
when the cholinesterase of the blood and tissues n as reduced to a low percentage 
of its normal activity by di-isopropjd fluorophosphate The signs associated 
uith further reduction are described. 

2. It vas found that determinations of serum and icd celt cholinesterase 
inWbition following the administration of di-isopropyl fluorophosphate do not 
pro^ndc accurate estimates of the activity of the enzyme in the tissues, excepting 
possibly during the period immediatclj- following a single dose. Such measure- 
ments can be used advantageously to follow rates of absorption. 

3 Mo deterioration u as detected in solutions of di-isopropyl fluorophosphate 
in peanut oil following autoclaving for one hour or storage at room temperature 
for one year. 
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4. The concentration of a peanut oil solution of di-isopropyl fluorophosphate 
had little effect on its rate of absorption from an intramuscular site in dogs. 

5. The effective intramuscular: oral dosage ratio for di-isopropyl fluorophos- 
phate in peanut oil was found to be approximatelj' 1 :4 in monkeys and humans. 

We wish to express our appreciation to Lt. Carol 3 'n W. Hammond for con- 
ducting the sterility tests. 


REFERENCES 

1. Stedman, E.; Biochem. J., 20: 719, 1926. 

2. Aeschlimaxn, J. A., and Reinert, M.: J. Pharmacol. & E.vper. Therap., 43: 413, 1931. 

3. Rente, E.: Arch. Exptl. Path. Pharmacol., 196: 148, 1940. 

4. Waelsch, H., and Nachiiansohn, D.: Proc. Soc. Exper. Biol. & Med., 64: 336, 1943. 

5. Bernheim, F. : “The Interaction of Drugs and Cell Catalysts,” Burgess Publishing Co., 

Minneapolis, 1942. 

6. Lange and Kreuger: Ber. Der Deutsch. Chem. Gesell., 66B: 1595, 1932. 

7. McCojibie, Adrian, Kilby and Kilby': By communication. 

8. Mackworth, j. F.: Bj' communication. 

9. Mazur, A., and Bodansky, 0. : J. Biol. Chcm. (In Press). 

10. Cattell, McK., Gold, H., Modell, Riker, ICoster, Hitchcock and Krop: Personal 

communication. 

11. Bowers, R. V.; Personal communication. 

12. Nachmansohn, D., and Rothenberg, M. a.: j. Biol. Chem., 168:653, 1945. 

13. Mazur, A., and Bodansky, 0.; J. Biol. Chem. (In Press). 

14. Nachjiansohn, D.: J. Neurophysiol., 3: 396, 1940. 

15. JIarnay, a.,. and Nach.mansohn, D.: Compt. Rend. Soc. de Biol. Paris, 124: 418, 1938. 

16. Hawkins, W. B., and Whipple, G. H.: Am. J. Physiol., 122: 418, 1938. 

17. Harne, Lutz, Zimmerman and Davis: Proceedings, Fed. Am. Soc. E.xper. Biol., 4: 

32, 1945. 

18. HAn.NE, Lutz and Davis: J. Lab. Clin. Med., 26: 333, 1940. 

19. Amberson, Stanbury a.nd Warwey; .Am. J. Physiol., 117: 230, 1936. 

20. Koelle, G. B., and Gilman, A.: (In Press). 

21. Cohen, B.: By communic.ation. 

22. CoMROE et al.: (In Press). 
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An investigation of certain of the actions of di-isopropj'! fluorophosphate 
(DFP), conducted as a background to its proposed clinical trial in myasthenia 
grains and glaucoma, has previously been reported (1). In that study and in a 
report from CattelPs laboratory (2), all the observed actions of di-isopropyl 
fluorophosphate could be attributed to its anti-cholinesterase activity. The 
purpose of the present investigation was to determine what to\ic effects might 
result from the prolonged depression of the activity of tissue cholinesterases and 
whether the repeated administration of DFP might reveal other direct actions 
on the organism. 

The chronic effects of DFP were studied in dogs receiving repeated injections 
of high doses and in dogs, monkeys and rats receiving moderate doses over 
prolonged periods. 

I. Chronic intoxication in dogs receiving high doses of di-isopeoptl 
FDHOROPHOSPHATE. Two dogs were given relatively large doses (0.30 and 0.50 
mgm. DFP/kgm. respectively) of a 0.5% solution in peanut oil intramuscularly 
in alternate hind legs three times weekly for twelve weeks. Frequent blood 
samples were taken for the determination of serum and red cell cholinesterase 
activities by the method previously described (1), and e.vternal signs of DFP 
intoxication were carefully noted. Following the death of the animals, they 
vete autopsied and sections were taken for histological e.xamination. 

Results. Dog A, which received the higher dosage (0.5 mgm./kgm. three times 
weekly) developed generalized fibrillaiy twitchings in the skeletal muscles, 
particularly those of the legs, on the eighth daj’- following the initial injection. 
This condition increased in sev’erity, becoming extreme by the seventeenth day, 
6nd persisted vith occasional alleviation until death on the two hundred and 
third day. During the tenth week of injections the hind legs became extremely 
weak, a condition which proceeded to almost complete paralysis. Five weeks 
after the injections nere stopped, some functional improvement vas apparent, 
hut complete recover 3 ’ never occurred. 

The first signs of muscarinic action appeared in the fourth week and con- 
sisted of dyspnea and wheezing (presumably resulting from bronchial con- 
.s'uction), excessive salivation, and hypeiactive peristalsis. Those signs were 
intensified by excessive activity, and after running a short distance the animal’s 
icspiration became markedly asthmatic and a temporarj- spastic paialysis ensued. 

1 First Lieutenant, MAC. 

= Major, Sn.C 
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Shortl3f afterwards dj'sphagia developed and the dog frequently regurgitated its 
food almost immediateh^ after swallowing it, although there was no anorexia. 
Oddly enough, most of the muscarinic effects disappeared during the sixth week of 
injections and the respiration became completelj’^ normal. The second week 
after discontinuation of the injections there developed a constant dribbling of 
urine which continued until the death of the animal, and at autops3’ the bladder 
was found to be greatlj’- distended. 

The inabilit3' to retain food persisted after the injections were stopped. The 
dog became extremel3' emaciated, and on the one hundred sist3--eighth da3' a 
fluoroscopic examination was made. When 50 cc. of a barium sulfate suspension 
rvere introduced b3' a tube passed just below the glottis, the esophagus was 
outlined as a shadow approximatel3' 5 cm. in diameter throughout most of its 
length. During the fifteen minute obsen'ation period the suspension remained 
in the esophagus and onl3' a minimal amount passed through the cardiac sphincter 
into the stomach. Most of the material was regurgitated shortb’ afterward. 
No other abnormalities were observed. 

Dog A was found dead one hundred and nineteen da3’s after the last injection. 
Extemalb’- it showed extreme emaciation and an absence of hair in the regions 
of the face, tail and legs from a persistent skin condition. Grossl3’ the lungs 
showed consolidation of the upper left lobe and slight congestion of the lower 
lobes; the trachea contained frothy fluid. Theesophagus was empt3'butmarkedly 
dilated from just below the larynx to the cardiac end of the stomach, confiiming 
the fluoroscopic findings; the cardiac sphincter showed no gross abnormalit3'. 
The stomach was greatb’ reduced in size. The remainder of the gastro-intestinal 
tract contained only traces of bile and was distended with gas. The urinaiy 
bladder, as alread3'- mentioned, was distended with about 200 cc. of urine. The 
other organs appeared normal. 

]\'Iicroscopicall3', the upper portion of the esophagus appeared normal; near the 
cardiac end the epithelium was partially sloughed and a moderate round cell 
infiltration was present. The wall was thinned and in places slight^’ edematous; 
most of the mucosal glands and them ducts were dilated and filled with mucus. 
The stomach showed a moderate relative tiuckening of the wall and occasional 
areas of round cell infiltration extending into the sub-mucosa. The parencluTnal 
cells of the liver were atrophied, reflecting mieroscopicalty the loss of weight of 
the animal. A section of lung from the consolidated area showed the alveoli 
to be filled with pol3'morphonuclear leucoc3-tes and fibrinous e.xudate. The 
kidne3’' was normal excepting for a slight degree of chronic p3'elitis, and the 
prostate showed slight inflammatory changes, more marked in the area adjacent 
to the urethra, the mucosa of which likenuse evidenced chronic inflammation. 
Sections of the sciatic ner\-e from the areas where the injections were made showed 
separation of the fibers and one small area of degeneration, possibfv due to trauma 
as no inflammatory cells were present. A section of muscle from the same region 
appeared complete^' normal. 

Dog B, which received the smaller dose ( 0.3 mgm. DFP/kgm. three times 
weekly), developed the same type of dr-sphagia and urinar3' incontinence as 
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described above, and an even greater paralysis of the hind legs at an earlier date 
than dog A. The skeletal muscle fibrillation did not appear until the ninth week 
of injection and was not nearly as severe as in the animal receiving the higher 
dose. The muscarinic signs of bronchospasm and hypersalivation were not 
observed at any time, although there was occasional diarrhea. The animal was 
found dead seventy-eight days after the last injection and presented an external 
appearance of extreme starvation. The only abnormality found on autopsy 
was a marked dilation of the esophagus, w^hich w'as stuffed with food from just 
below the glottis to the cardiac sphincter and measured about 7 cm. in diameter 
at the point of greatest dilatation. The walls w'ere thin and no stricture was 
observed at the cardiac end. 

The serum cholinesterase activity, foilowdng the original depression by the 
first injection of DFP, i emained within fairly close lunits thu oughout the course of 
injections in both dogs (table 1). The red cells exhibited a continuous fall in 
cholinesterase activity until ver 3 ' low’ levels w’ere reached. This contrast is to be 
expected from the previously described lapid rate of regeneration of serum 
cholinesterase following single injections of DFP, as compared with the slow 
return of red cell cholinesterase at a rate comparable to that of the formation of 
new erythrocj'tes. After the injections were discontinued, the serum cholin- 
esterase levels did not return to normal but remained around 60 per cent of the 
original values in both dogs. This was at the time when severe emaciation had 
developed and probably represented the concentration of the serum proteins as a 
whole. The red cell cholinesterase, on the other hand, returned atabout the same 
rate seen in dogs following equal inhibition b 5 ’ single doses of DFP. 

II. Chronic effects of di-isoproptl elhorophosphate in dogs, monkeys 
and rats receiving moderate doses over prolonged periods. Previous 
reports (1, 3) have show’n that a fairly close parallelism exists between the tissue 
(i e., brain) cholinesterase sensithity to DFP and the dose necessary to produce 
certain pharmacological actions (e g., skeletal muscle fibi illation) in different 
species. The dose ranges selected for the three species studied were therefore 
comparable to or higher than the contemplated dose range to be used in treating 
Wyasthenia gravis patients, as based on relative brain cholinesterase sensitmties. 
■'founts of DFP that might be absorbed systemicallj’ during the treatment 
cf glaucoma by the ocular instillation of DFP are of a far low'er order. 

PnooEDURE Four female dogs were given intramuscular injections of DFP m peanut 
oil m alternate hind legs twice weekly for six months in doses of 0 OS, 0 1,01 and 0 3 mgm / 
Ignt. respectivelj’ Immediately before the first injections, and at periods thereafter of 

1, S, 12, 16, 21 and 21 weeks, blood samples were taken on which the follow mg observations 
and tests were conducted red cell count, white cell count, differential count, blood sugar 
W), serum protein (5), plasma non protein nitrogen (6), luer function (7) and scrum and 
nrythrocj te cholinesterase activitt (1) 

During this time the animals were carefully obseri'ed for overt signs of DFP intoxication 
Before being sacrificed, the dogs were X rajed during the injection of 50 co of a barium 
sulfate suspension through a tube passed into the anterior portion of the esophagus The 
animals were sacrificed bj the intr.aaenous injection of sodium pentobarbital and autopsies 
Were performed Sections for histological examination were taken from the esophagus. 
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TABLE 1 


Effects of repeated intramuscular injections of high doses of di~isopropyl fluorophosphate 
on dogs. Injections given S X weekly for 13 weeks 


DAYS 

SINCE 

cnriAi. 

DOG A (0.5 MCir. BFP/KCif.) 

DOC E (0-3 ircJi. DFP/kcu.) 

Ch.£. Activity 

Weight 

Sj’znptoms 

Cb.£. Activity 

- Weight 

Symptoms 


Senun 

RBC 

Senim 

RBC 




hem. 




hem. 


0 

mnm 

100% 

10.6 


10092 

100% 

13.4 


1 

' 27 

61 



29 

81 



2 


71 

9.9 


37 

83 

12.7 


3 

33 

44 



29 

74 



4 

49 

38 

10.2 


43 

78 

13.2 


5 

34 

38 



33 

69 



7 

64 

35 

10.2 


49 

55 

13.1 


8 

57 

21 


SI. F. 

34 

50 



9 

49 

25 

10.0 


45 

48 

12.9 


11 

36 

11 

9.8 

M. F. 

39 

34 

12.7 


14 

55 

IS 

9.8 

SI. F. 

54 

28 

12.7 


16 

42 

18 

9.8 

Sev. F. 

43 

34 

12.8 


18 

47 

12 

9.6 

SI. F. 

46 

28 

13.2 


26 

29 

5 


Sev. F.; Dn. 

34 

22 


SI. W.; An.; Co- 









ryza 

35 

55 

14 

8.8 

M. F.; SI. Dn. & 

54 

20 

11.3 






Dg. 





39 

43 

18 

9.0 

M. Dn. & Dg. 

47 

25 

11.2 


46 

49 

7 

8.8 

RI. F.; Dn. absent 




SI. w. 

49 




RX. F. 

50 

12 

10.5 


52 

62 

17 

8.7 






66 

43 

19 

8.9 

Sev. F. & VI. 

40 

25 

10.9 

SI. F.; RI. W. 

74 

36 

12 


SI. F., RI. W. 

34 

29 


RI. F. & W. 

78 

56 

25 

8.3 

SI. F.; Sev. W. 

46 

49 

10.9 


81 

42 

15 

8.2 


44 

41 

10.4 

Sev. W. 

84* 

S3 

29 

8.2 


42 

55 

10.4 


87 

39 

20 


U. I. 

46 

24 



93 

61 

45 

8.6 


56 

68 

10.9 

U. I. 

99 

60 

58 

8.9 


56 

64 

10.9 


105 


56 

9.0 


65 

81 

11.1 


109 

77 

76 

8.4 


67 

80 

10.9 


122 

72 

87 

8.4 

SI. F. & W. 

62 

99 

11.4 


138 

70 

107 


Em.; Sev. Dg. 

63 

108 

10.4 


152 

61 

103 

Mil 


65 

118 

9j8 

Em. 

162 



■ 




7.8 

Dead 

173 

60 








184 

54 

98 

7.0 






203 

46 

El 

5.7 

Dead 






■IHi 

■HI 



' 






• Last injection. 

SI. — Slight; M. — Jloderate; Sev. — Severe; F. — Fibrillation; Dn. — Dyspnea; Dg--" 
Dysphagia; W. — Weakness; U. I. — Urinary Incontinence; An. — Anorexia; Em.— Emacia- 
tion. 
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TABLE 2 

Chronic effects of repeated injections of di-isopropyl fluorophosphaie in dogs 
All dogs injected intramuscularly 2 X weeMy with the following doses of DFP in Peanut 
Oil; Dog O: 0.05 mgm./kgm.; Dog P; 0.10 mgm./kgm.; Dog Q: 0.10 mgm./kgm.; Dog R: 
0.30 mgm./kgm. 


POC 


•miE SINCE 


WHITE 

OirFEKENTIAt 

COUNT 


z 

I 

Pt 


HEPATIC 

CHOEIN- 

ESTEEASEt 

0 

1 

INJECTION 

COUNT 

CELL ' 
COUNT 

SS 

a. 

1 

0 

0 

5 

(d 

s 

et^ 

0 

SUCAE 

g 

s 

NPN 

TION’ 

Serum 

R,C.B. 


ksm. 










per 

cent 

msm 
per WO 
cc. 

per cent 



0 

9.3 

Control 


16,350 

73 

2] 

2 

4 

0 



30,3 

15 


100 

p 

8.9 

Control 



86 

12 


2 

0 

129 

6.52 

25.2 



100 

Q 

9.5 

Control 



87 

6 

1 

6 

0 

129 

6.38 

25.0 


lllfl 

100 

R 

11.6 

Control 



79 

18 

0 

3 

0 

137 

6.54 

31.3 

Trace 


100 

0 

9.8 

2 weeks 



82 

13 

1 

4 

0 

80.3 

6.16 

39.2 

Trace 

58 

116 

P 

9.1 

2 weeks 


UiiMi 

89 

11 


■3 

0 

76.1 

5.62 

28.5 

Trace 

65 

64 

Q 

8.2 

2 weeks 



88 

11 

0 

1 

0 

79.2 

aCTi! 

20.7 

Trace 

66 

84 

R 

11.5 

2 weeks 



83 

17 


0 

0 

86.5 

6.35 

30.9 

0 


56 

0 


4 weeks 



69 

i 

2 

19 

0 

79.3 

5.32 

24.3 

Trace 

54 

111 

P 

9.2 

4 weeks 


I4IS1111I1] 


15 

3 

2 

0 

91.3 

6.41 

21.7 

Trace 

67 

78 

Q 

9.7 

4 weeks 


ISiKili] 


m 

3 

7 

0 

85.3 

5.28 

18.3 

Trace 

61 

96 

R 

11.5 

4 weeks 


12,150 

63 

9 

2 

25 

1 

81.0 

5.73 

23.8 

Trace 

58 

40 

0 

9.3 

8 weeks 



77 

19 

1 

3 

0 

96 

6.48 


Trace 

42 

87 

p 

8.8 

8 weeks 

SISlijiAii 

IliRiii 

77 

16 

2 

5 

0 

119 

7.24 

29.9 

Trace 

iiM 

81 

Q 

8.0 

8 weeks 

sGSSiGwi 


79 

16 

1 

4 

0 

93 

6.59 



64 

95 

R 

12.1 

8 weeks 



63 

34 

i 

3 

0 


6.89 


Trace 

53 

29 

0 

9.1 

12 weeks 




26 

2 

12 

0 


5.87 

23.4 

Trace 

34 

116 

p 

8.7 

12 weeks 


Riw!*v 

72 

28 


0 

0 

82 

7.37 

22.2 

Trace 

58 

77 

Q 

9.1 

12 weeks 



78 

21 

t 

1 

0 

95 

5.18 

21.6 

Trace 

57 

78 

R 

11. e 

12 weeks 


ng 

67 

26 

3 

4 

0 

Ba 


19.6 

Trace 

48 

S3 

0 

9.C 

16 "vreeks 



74 

16 

1 

9 

0 

99 

6.47 

21,6 

Trace 

47 

82 

p 

9.: 

^ 16 weeks 

ISnSjt!!!: 

RKiir 

m 

18 

2 

m 

0 

116 

6.93 

21.0 

Trace 

59 

61 

Q 

m 

- 16 weeks 


Ifllv W 

68 

32 

E 

E 

0 

116 

6.19 

26,7 

Trace 

51 

78 

R 

ii.i 

16 weeks 


Q| 

69 

m 

1 

1 

0 

111 

6.47 

19.3 

Trace 

55 

39 

0 

10. 

21 weeks 


IB 

72 

20 

2 

6 

0 

132 

5.63 

19.3 


41 

81 

p 

9. 

21 weeks 


(lES! 

86 

12 

2 

0 

0 

98 

5.66 

28.5 

Trace 

49 

46 

Q 

Uifl 

21 weeks 



72 

26 

E 

2 

0 

Ea 

5.66 

31.8 


45 

73 

R 

12. 

1 21 weeks 


gg 

06 

33 

1 

0 

c 

97 

5.28 

30.0 

0 

44 

22 

0 

11. 

3 24 weeks 



m 

27 

4 

0 

c 

99 

6.13 

40.3 

Trace 

IBB 

86 

p 

10. 

G 24 weeks 

HBSlfix 

giBltfi!! 

81 

IS 

1 

0 

c 

113 

5.95 

33.4 

Trace 

65 


Q 

m 

5 24 weeks 


EE 

2S 

E 

C 

c 

94 

5.63 

29.6 

Trace 

53 


R 

|12. 

) 24 weeks 

|5,350,000|15,1(X 

)] 6S 

3; 


C 

c 

94 

0.89 

32.5 

Trace 

58,5 



* Reported ns per cent of dye retained in serum 15 minutes after intravenous injection 
of 5.0 mgm. bromsulphalein/kgm. 

t Reported as per cent of activity of control sample. 
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stomach, small intestine, large intestine, li\'er, kidney, ureter, urethea, bladder, lung, 
trachea, heart, spleen, pancreas, ovary, follopian tube, uterus, lymph node, sciatic nerve 
and muscle (the last two tissues were removed from the region where the DFP injections had 
been made) . The entire brain was removed and homogenized in the 'Waring Blender with 
four times its volume of 0.025 Jf sodium bicarbonate and an aliquot taken for determining 
cholinesterase activity. Control values were obtained from the homogenates of, two 
normal dogs similarly prepared. 

Four Rhesus monkej’s were given intramuscular injections of DFP in peanut oil twice 
weeklj’ for four months at doses of 0.03 and 0.05 mgm. DFP/kgm. (two animals on each 
dose). One animal on the lower dose developed an infected ulcer on the hand and died si.v 
weeks after the start of the injections. It was replaced by another monkey (llm) which 
was carried through for the full four month period. The same tests and observations were 
carried out on the monkeys as described above for the dogs, with the c.vception of the brain 
cholinesterase values. 

Three groups of twelve young adult rats each (si.v males, six females) were given injec- 
tions of DFP in peanut oil in alternate hind legs twice weekly at dose levels of 0.1, 0.3 
and 0.5 mgm./kgm. respectively. Records of weight changes were kept, and after twelve 
weeks two to four animals from each group were sacrificed, blood samples taken for serum 

TABLE 3 


Cholinesterase activity of brains of dogs receiving repealed intramuscular injections of 
di-isopropyl fiiiorophosphate 


DOC ^ 

DOSE DFP 2 X WEEya\ 

CHOLTKESTERASE ACTIVITV, 

TER CENT or NORiUL 


mgm./ks*n. 


0 

0.05 

60.5 

P 

0.1 

62 

Q 

0.1 

44.5 

R 

0.3 

29.5 


bilirubin determinations by the method of ilalloy and Evelyn (S), and autopsies performed. 
Injections were continued in the eight remaining rats in each group for a, total of twenty- 
four weeks. At the end of this period, four animals from each group were sacrificed by the 
intracardiac injection of air and their entire brains were removed and homogenized by the 
method previously described (1) for the determination of cholinesterase activity. Control 
figures obtained at that time were used here for calculating enzyme inhibition. The 
remaining rats were sacrificed by chloroform inhalation and their brains taken for histolop- 
cal e.xamination. All animals were autopsied and the same tissues were examined his- 
tologically as in the dogs mentioned above. 

Results. A. Dogs. Throughout the six-month period during which DFP was 
given twice weeklj', all four dogs remained in good general health trith the ax- 
ception of the development of an inflanunatorj’ skin condition and a resulting loss 
of hair over a large area of the bod3'. Most of the other dogs in the colonj' were 
similarly affected, but shortly after treatment was instituted by dipping in a 
lime-sulfur bath, the inflammation disappeared and a normal growth of ha'J’ 
reappeared in the denuded areas. The on^- sign of DFP intoxication observed 
in these dogs was skeletal muscle fibrillation which occurred sporadically 
all four, usually appearing a few hours following an injection and persisting for a 
few hours to several daj'S. At the time they were sacrificed all appeared norma 
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TABLE i 


Chronic effects oj repealed injections of di-isopropyl fluorophosphate on rhesus monleys 
All monkeys injected intramuscularly 2 X weekly with the following doses of DFP in 
Peanut Oil; Monkey Im- 0.03 mgm./kgm.; Monkey Mm: 0.03 mgm./kgm.; Monkey 
Km: 0.03 mgm.Agui.; Monkey Lm: 0.05 mgm./kgm. 



CHOLIV- 

ESTERASEf 


I 


Serum 

RBC- 

100 

100 

100 

100 

100 

100 

100 

100 

6 

20 

29 

7.5 

31 

7.3 

43 

13 

42 

12 S 

0 

3 

36 

9 

26 

4 

30 

13 

0 

0 

21 

6 

32 

9.5 

61 

13 

44 

2 

40 

5 

40 

11 

51 

2S 

39 

5.5 


* Reported as per cent of dye retained m serum 15 minutes after intravenous injection of 
5 0 mgm bromsulph‘ilcin/lxgm 

t Reported as per cent activity of control sample 
t round dead 9Gth day after initial injection 


and had gained in weight since the beginning of the injections. Figures obtained 
from the blood studies (table 2), excluding the cholinesterase values, remained 
^^ithin the limits of nomxal variation x\ith the exceptions here noted. The 
rolatix'cly high conti ol values for blood sugar are attributed to the excitement and 
struggling which occurred at the beginning of the study when the dogs nere tied 
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to the animal boards. During subsequent tests thej'^ had become suiBcientl 3 ' 
trained that they remained relativelj’- quiet. The high -white cell counts, particu- 
larlj^ for dog P, occurred at the time -when the inflammatorj^ condition of the skin 
■was especiallj^ severe and secondavjf infection had set in. With the treatment 
and subsequent disappearance of the disease, the counts returned to normal. 

TABLE 5 

Weight changes in rats receiving repealed iniromnsciilar injections of di-isopropyl 
flvorophosphate in oil 


Each figure represents the average weight of the suiwivors of an original group of twelve 
rats (six males, six females). 

DFP injections made twice weekly in doses indicated. 


WEEKS SINCX IKITIAl. 
INJECTION 

CROUP A 

0.1 ucu./ecu. 

CROUP B 

0.3 UCU./KCU. 

CROUP C 

0.5 UCU./KCU. 

REUARKS 


Srams 

grams 

grams 


0 

217.6 

223.3 

210.2 


1 

225.7 

229.S 

212.4 


2 

237.7 

217.3 

214.8 

Rat A' 4, male, Group A, found 

3 

244.4 

242.7 

224.3 

dead. 

4 

248.8 

250.7 

227.8 


s 

253.3 

245.2 

231.4 


6 ! 

259.9 

256.9 

233.4 


7 

257.6 

259.3 

230.8 


s 

263.4 

269.0 

245.4 

Rat lit 5, male, Group A, found 

9 

262.1 

270.9 

245.1 

dead (pneumonia). 

10 

20S.6 

278.3 

249.5 


11 

270.2 

281.9 

252.8 

Rat » 27, male. Group C, found 

12 

2SS.3 

2S6.8 

265.6 

dead. 

13 

290,5 

285,8 

264.0 

Rata A' 11, 12 (Group A), 17, IS, 

14 

2SS.5 

264.0 

265,4 

23, 24 (Group B), 30, 35, 36 

15 

290.5 

291.3 

! 270,0 

(Group C) sacrificed and autop- 

16 

292.9 

295.8 

274.1 

sied. 

17 

293.5 

300.5 

278.1 


18 

299,5 

304.4 

276. 7 

Rat A34, female, Group C, found 

19 

307.0 

310.0 

288.3 

dead. 

20 

294.4 

298.8 

272.3 


21 

295.0 

299.0 

281.9 

R,at A 10 , female, Group A, found 

22 

295.9 

297.6 

283.4 

23 

292.4 

294.8 

286.4 

dead. .4.11 survivors sacrificed. 

24 

307.9 

307.8 

288.7 


Increase since 
initial injec- 
tion 

90.3 

84.5 

78.5 



The X-raj' plates of dogs 0, Q, and R revealed esophagi of normal size and 
activitj’ from which the barium sulfate suspension passed through the cardiac end 
into the stomach with no abnormal delaj'. In dog P, the plate taken during the 
first injection disclosed that the suspension had remained in the esophapis, 
■which was slight!}' enlarged throughout its length. In this animal observations 
were repeated thirty minutes later, at which time the originally injected suspcn- 
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sion had passed into the stomach but the second injection remained temporarily 
in the esophagus as had the first. The evidence of cardiospasm -was confirmed 
at autopsy. 

Autopsy findings. Dog P regurgitated a large amount of partially digested 
milk just before respiration ceased follorving the sodium pentobarbital injection. 
More was found in the stomach and esophagus. The latter organ was dilated to 
about 3 cm. in diameter along its entire length, but there was no gross erddence of 
abnormality of the cardiac sphincter. This animal’s thjTnus was slightly larger 

TABLE 6 


Cholinesterase activity oj brains oj rats receiving repeated intramuscular injections of 
di-isopropyl fluorophosphate 


XAT NO 

DOSE t)FP 2X WEEELY 

CSOUKESTElLlkSE ACn%'m, PER, CENT 

OT SOSiUL 


nsm /ktm 


1 

0 1 

72.5 

2 

0 1 

64 

7 

0 1 

61.5 

8 

0 1 

63 5 

Average 

65.4 

1 

13 ; 

0 3 

26 

u 

0 3 

31 

t9 

0 3 

25 

20 

0 3 

31 

Average 

28.3 

25 

0 5 

18 

26 

0 5 

20.5 

31 

0 5 

25 

32 

05 

22 

t-verage 

21 4 


than normal. The kidney of dog 0 exhibited a slight degree of cloudy suelhng. 
There was an appearance of questionable degeneration of ganglion cells of 
Meissner’s and Auerbach’s plexi in the lower part of the esophagus of dog R. 
The spleen in all four dogs was slightly enlarged and had rounded edges and soft 
pulp. Microscopicallj', these organs were slightly to moderately congested and 
contained large amounts of pigment which appeared to be hemosiderin. AD 
other organs were grossly and microscopically normal. Brain cholinesterase 
values arc presented in table 3. 

B MonI.eijs (Macaca mulatta). The animals remained in good health during 
the first twelve weeks of injections, after which monkeys Im, Km, and Lm began 
to lose weight and shortly thereafter dex'elopcd bronchopneumonia. Up to this 
time the blood chemistry and formed elements had remained essentiaUy normal. 
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allowing for the wide variation in the white cell count that is routmel 3 'found in this 
species (table 4) . As in the dogs, skeletal muscle fibrillation was seen occasional!}’ 
but was not persistent; no other signs of DFP intoxication appeared. With the 
onset of bronchopneumonia the three animals became weak and emaciated, their 
appetites were poor and the serum protein concentrations fell. Monke}’ Lm was 
found dead on the 96th day and an autops}’' was performed, hlonkey him 
maintained a healthj’ condition throughout the sixteen week period. 

Prior to being sacrificed, the three surviving animals were fluoroscoped during 
the injection of 30 cc. of a barium sulfate suspension into the esophagus through a 
tube extending a few centimeters below the la^nx. In each case the outline of 
the esophagus presented no abnormalities and there was no delaj’ in thepassage 
of the material into the stomaeh. 

No gross abnormalities were found at autopsj’ in this group, hlicroscopicallj', 
numerous small encysted oil droplets were seen in the muscle at the site of the 
injections in all animals, but the surrounding tissues and adjacent nen’es showed 
no signs of inflammation. The lungs of monkej’S Im, Km and Lm'e.\hibited 
vaiying degress of bronchopneumonia. The esophagus of monkej’ Im contained 
numerous encapsulated filarial worms and eggs witliin the epithelium. Several 
small round areas of calcification were seen in the adrenal cortex of monkej’ him. 
AH other organs appeared normal. 

C. Rais. With the exception of five rats that died out of the total group of 
thirty-six, the animals remained in a condition of good general health. Three of 
those found dead were in group A (0.1 mgm. DFP/kgm. 2 X weekly) and two in 
group C (0.5 mgm. DFP/kgm. 2 X weeklj’). Autolysis had proceeded too far 
to permit any definite conclusions as to the cause of death in these animals from 
autopsies, but in three of them signs of pneumonia rvere noted prior to death. 
The rats receiving the highest dose (group C) were the onlj’ ones in which the 
development of skeletal muscle fibrillation w as seen and this occurred oiJj’ 
transientlj’ for a few’ hours following injections. These animals also occasionallj’ 
show’ed diarrhea. All three groups increased in w’eight during the e.xperimenfal 
period (table 5) by amounts inverselj’ proportional to the doses received, but the 
significance of the differences is questionable. The increased gastro-intestinal 
activitj’ of the animals on the highest dose probably interfered with the absorption 
of food to some extent. 

The nine rats sacrificed on the eightj’-tliird daj’ all gave negative results for 
serum bilirubin. 

The remaining rats were sacrificed three or four daj’s after the fortj’-eighth injec- 
tion. Cholinesterase determinations on the brains of four rats from each group 
yielded average values of 65.5, 28.3, and 21.4 per cent of normal for groups A, B, 
and C respectively. Individual values are given in table 6. Besides the patho- 
logical changes listed individually below’, all the animals exhibited encapsulated 
oil droplets in the leg muscles. 

Autopsy FINDINGS. Group A. Rat Male. All organs grossly and microscopically 

" Rat S2. Male. Small areas of atalectasis in upper lobes of both lungs, microscopically 
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Bhowing signs of old lobular pneumonia. All other organs grossly and microscopically 
normal. 

Rat S3. Male. All organs grossly and microscopically normal. 

Eat S6. Male. Spleen slightly congested. All other organs grossly and microscopically 
normal. 

Eat S 7. Female . Slight congestion of spleen and of zona fasciculata of adrenal cortex. 
All other organs grossly and microscopically normal. 

Eat #8. Female. Large area of atalectasis in left lower lobe. All other organs grossly 
and microscopically normal. 

Eat J?9. Female. Slight bronchopneumonia. Spleen slightly congested. All other 
organs grossly and microscopically normal. 

Rat i?ll. Female. Adrenal medulla markedly congested. Moderate bronchopneu- 
monia. No other abnormalities. 

Rat #12. Female. No abnormalities. , 

Group B. Rat #13. Male. Right lung collapsed; small white nodule approximately 
the size of a pea at base of middle lobe, surrounded by smaller similar nodules, microscopically 
seen to be an encysted organizing abscesses. Surrounding area shows moderate atalectasis, 
emphysema, and organizing pneumonia. AH other organs grossly and microscipically 
normal. 

Bat #14. Male. Small area of atalectasis in right upper lobe. Spleen moderately 
congested. All other organs grossly and microscopically normal. 

Rat S 15. Male. Spleen and kidneys slightly congested. All other organs grossly and 
microscopically normal. 

Rat #16. Male. Spleen and lungs slightly congested. All other organs grossly and 
microscopically normal. 

Rat #17. Male. Tracheitis and slight bronchopneumonia. No other abnormalities. 
Rat #18. Male. Spleen slightly congested. Slight bronchopneumonia. No other 
abnormalities. 

Rat #19. Female. Slight bronchopneumonia. All other organs grossly and micro- 
scopically normal. 

Rat #20. Female. Large area of atalectasis in right middle lobe. All organs grossly 
and microscopicallj' normal. 

Rat #21. Female. Lungs and spleen slightly congested. All other organs grossly and 
microscopically normal. 

Eat #22. Female. Slight bronchopneumonia. Small area of degeneration in cerebral 
cortex. Spleen slightly congested. All other organs grossly and microscopically normal. 

Rat #23. Female. Few small areas of leucocytic infiltration around the vessels of the 
renal cortex. Spleen slightly congested. No other abnormalities. 

Rat #24. Female. No abnormalities. 

Group C. Rat #25. Male. Lung shows small areas of emphysema and organizing 
pneumonia. All other organs grossly and microscopically normal. 

Rat #26. Male. Area of hemorrhage and congestion at apex of one lower lobe. Spleen 
moderately congested. All other organs grossly and microscopically normal. 

Rat #28. Male. Slight bronchopneumonia. Spleen slightly congested. All other 
organs grossly and microscopically normal. 

Rat #29. Male. Slight bronchopneumonia. AH other organs grosslj" and micro- 
scopically normal. 

Rat #30. Male. Spleen njoderately congested . No other abnormalities. 

Rat #31. Female. Spleen and lungs slightly congested. All other organs grosslyand 
microscopically normal. 

Rat #32. Female. Spleen moderately congested. Hemorrhagic area in zona glomeru- 
losa of adrenal cortex. All other organs grossly and microscopic.ally normal. 

Rat #33. Fcm.ale. Spleen slightly congested. All other organs grossly and micro- 
scopically normal. 
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Rat J? 35. Female. Spleen slight^' congested. No other abnormalities. 

Rat ^36. Small area of pericarditis at ape.K of heart. Pressure atrophj' in muscle fibers 
adjacent to encapsulated oil droplets. No other abnormalities. 

Discussion. The above observations indicate that DFP possesses no out- 
standing toxic actions which cannot be directly attributed to its primaiy effect on 
cholinesterase. Moreover it was necessar}' to inhibit cholinesterase to an e.xtreine 
degree over a long period of time before reduced cholinesterase activity produced 
functional changes which resulted in death. It is of interest that in dogs the 
functional failure of the cardiac sphincter was the most outstanding physiological 
defect. 

The production of chronic cardiospasm in dogs A, E, and P by the repeated 
administration of an anticholinesterase and therefore cholinergic agent appears 
paradoxical inasmuch as it greatly resembles the condition produced in dogs by 
sectioning the vagi (9). However, in a recent paper Lehmann (10) has shouTi 
that the vagus supplies cholinergic fibers to the cardia, stimulation of which causes 
cardiospasm. His work confirms the earlier suggestion that the inhibition of the 
cardiac sphincter following vagal stimulation is the result of an intrinsic reflex 
■produced by the concomitant contraction of the upper part of the esophagus. 
It is not unlilcelj' therefore that the presence of high concentrations of acetyl- 
choline over a prolonged period could result in a predominance of cardiotonic 
action. In addition, the epinephrine or sympathin produced by the action of 
DFP on the adrenal glands and autonomic ganglia would augment this effect, 
as sympathetic stimulation is also knoivn to cause contraction of the cardia (9). 

The urinary incontinence might have resulted from augmentation b}' DFP 
of the impulses from the cholinergic pehdc neiv’es, which produce contraction of 
the detrusor and inhibition of the trigone muscles of the bladder (11)- IIne.x- 
plained by this supposition is the autopsy finding of a distended bladder in dog A. 

The brain cholinesterase values shoum in tables III and VI confirm the sugges- 
tion of previous findings (1, 3) that an animal can function almost completely 
normall}’’ when this enzjTne is present at approximately 20 per cent of the normal 
activit}’ over a prolonged period. It is interesting to consider Gesell's (12) theory' 
of the integration of nervous actmty through the effect of intracellular cH on 
cholinesterase in the light of this situation. In the original work of GHck (13), 
upon which the theorj^ is based, cholinesterase was shown at pH 6.0 to have 
approximately twenty per cent of the activity it possessed at pH 7.4. However, 
these measurements were made at 25 degrees centigrade on human serum 
cholinesterase, which is now known to be an entirely different enzyme from that 
found in neivous tissue (14). Moreover, it is questionable whether such wide 
variations in intracellular pH can occur physiologically, and measurements of 
such and their interpretation present many difficulties. The use of DFP to 
inactivate cholinesterase irreversibly offers a new approach to this problOT- 
The rapid regeneration of brain cholinesterase from low and apparently critical 
values to a “functionallj' normal” amount is inferred from the fact that the rats 
which received 48 injections of 0.5 mgm./kgm. (group C) had an average brain 
cholinesterase value of 21.4 per cent three days after the last injection, whereas a 
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single injection of 1.0 mgm.Agni. produces a fall to approximately 10 per cent of 
the normal value (1). 

The lack of toect significance of serum and red cell cholinesterase values in 
regard to physiolopcal functioning has already been shown (1, 2, 3), although such 
measurements can be used to determine absorption rates follouing the administra- 
tion of DPP by various routes. 

Bronchopneumonia is by no means a rare disease in laboratoiy monkeys, 
but the possibility that the prolonged subjection to sporadic nicotinic and musca- 
rimc eSects of DPP played a predisposing role cannot beoverlooked . An increased 
amount of tracheal secretion plus the poorly-developed cough reflex in this 
species were undoubtedly associated factors. Of less significance is the frequent 
microscopic finding of bronchopneumonia and alatectasis in the rats. Ratcliffe 
(IS) states that at one year about 75% of these animals show such changes. 

The explanation for the hind leg paralysis seen in dogs A and B awaits more 
direct information concerning the effects of DPP on nerve impulse conduction 
and transmission. This condition followed only after a long period of nicotinic 
stimulation and was already irreverable when the administration of DPP was 
stopped. That the paralysis was the result of the effects of the prolonged 
inhibition of cholinesterase on peripheral myoneural conduction would appear 
likely. Further investigation of tlus phenomenon is being imdertaken at present. 

SUMMA.ET Aim CONCLUSIONS 

1. Cardiospasm, hind leg paralysis and urinary incontinance resulted in dogs 
from the repeated administration of Wgh doses of di-isopropyl fiuorophosphate. 
Monkeys receiving moderate doses developed a predisposition to broncho- 
pneumonia. 

2. The formed elements of the blood, blood sugar, serum protein, plasma 
non-protein-nitrogen and hepatic function were not directly affected in dogs and 
monkeys receiving moderate doses of di-isopropjd fiuorophosphate over prolonged 
periods. 

3. No toxic effects were observed in rats following the chronic administration 
of di-isopropyl fiuorophosphate. 

We wish to express our appreciation to Dr. Ralph Ferguson, of thePathologj' 
Section, for valuable aid of the diagnosis of the gross and microscopic autopsy 
findings. We are also indebted to Mrs. Marion Freeman, Mrs. Ethol S. KoeUe 
and Lt. Arthur Dziemian for their help in the blood morphology studies, chemical 
analyses and X-ray photography. 
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THE SYMPOSIUM ON THE PHAEMACOLOGY OF DITHIOLS 

In order to make available the research work which is the basis for the thera- 
peutic use of BAL, a committee, consisting of representatives of the various 
groups which had taken part in the BAL study, was appointed to plan and carry 
out the publication of the experimental data. 

Under the chairmanship of Dr. Warfield T. Longcope, the committee decided 
that papers on the fundamental work on BAL be selected and divided into three 
groups, those dealing with biochemistry, those dealing ivith toxicology, pharma- 
cology and experimental therapeutics, and those dealing with clinical apphca- 
tions. For publication media the British Biochemical Journal, the Journal of 
Pharmacology and Experemental Therapeutics and the Journal of Clinical 
Investigation were considered especially suitable and it was proposed that the 
papers selected be published in the form of a symposium, distributed among these 
three journals. 

The proposal submitted by Dr. Longcope ivas given full consideration by the 
Editorial Board of the Journal of Pharmacology and ExperimentalThera- 
PEUTics and it was agreed that the papers on the pharmacology of BAL be 
pnnted in this Journal. The papers submitted have been revdewed and 
arranged in proper order and make up a supplementary issue of the current 
volume. 
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BRITISH ANTI-LEWISITE (BAL) 

Among the many compounds developed under the impetus of World War II, 
BAL is of outstanding interest both from the standpoint of its practical applica- 
tion and because of the light it throws on the mechanism of action of salts of the 
hea'V'j' metals. In 1939, as part of a program of war research, investigations 
were initiated in Peters’ Laboratorj’- at O.vford which led to the demonstration of 
the effectiveness of the dithiols against the to-xic action of arsenic in biological 
systems. The problem has since been actively pursued in both England and this 
country. The British work has been reviewed by Peters, Stocken and Thompson 
in Nature (November 24, 1945) and the American work by Waters and Stock in 
Science (December 14, 1945). 

The development of the dithiols as protective agents against poisoning by 
metal salts was based upon the earlier fundamental contributions of Voegtlin and 
his associates (1923) in which it was shown that various monothiols such as re- 
duced glutathione and thioglycollic acid coimteract the to.ric actions of arseno.xide 
in both trypanosomes and mammalian species. The mechanism of this protec- 
tion, since supported by evidence from several laboratories, is believed to be based 
upon the availability of additional SH groups which compete for the arsenic 
which would othetT\’ise combine \rith the body proteins. It was shown by the 
British investigators in in vitro studies that sodium arsenite and len-isite had a 
strong inhibitory action on certain enzjmies, particularly the pyruvate-o.xidase 
system. The monotliiols were effectii'e in protecting this system when the ar- 
senic was employed in the form of aromatic arseno.rides but was of no value 
against lewisite. This fact led to the preparation and testing of several dithiols 
on the theor}’’ that they might be more effective through the formation of rela- 
tivel 5 ’’ stable ring compounds with lewisite and other trivalent arsenicals. One of 
these compounds, 1-2 dimercaptopropanol, subsequently coded BAL (British 
Anti-Lewisite) was selected on the basis of its physical and chemical properties 
as likely to be the most effective in affording protection against the toxic action of 
arsenic in biological systems. BAL has the following structural formula; 

c— c— c 

I I I 

SH SH OH 

BAL is a colorless liquid with a specific gravity of 1.21 and is soluble in water to 
the e.xtent of 6 per cent. In common with other mercaptans it has a strong 
skunk-like odor. BAL reacts with lewisite and other arsenicals to form insoluble, 
non-dissociable thioarsenate complexes. In this form arsenic is relatively non- 
to.xic to mammals and does not inhibit the pyruvate-oxidase sj'stem. Further, 
for a considerable period after the addition of lewisite or other arsenicals the in- 
hibition may be reversed by the addition of BAL. 

Not only has a large amount of wwk been done on the pharmacology and 
toxicity of BAL and related dithiols, some of which is described in the present 
series of papers, but the investigations have been extended to man where its 
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effectiveness in the treatment of arsenic and mercury poisoning has been demon- 
strated. 

In the recommended dosage of 2.5 mg./Kg. of body weight at 4 hour intervals, 
given as a 10 per cent solution of BAL in oil by intra-musuclar injection, there 
have been veiy few reactions and these are of a minor nature. Occasional pa- 
tients complain of nausea, generalized aches and pains or a burning sensation in 
the mouth or eyes. The blood pressure is frequently raised and rarely there may 
be a sense of constriction in the throat and chest. These symptoms do not last 
more than 30 to 60 minutes and no cumulative to.vicity results from repeated 
injections at 4 hour intervals. 

BAL is effective by local application in decontaminating the skin and prevent- 
ing the toxic effects of lenisite. By intra-muscular injections excellent results 
have been obtained in certain of the serious toxic reactions following mapharsen, 
especially toxic encephalopathj^ and dermatitis. However, it is of doubtful value 
in blood dyscraaas and jaundice due to arsenic. While difficult to evaluate, the 
results to date indicate that BAL is remarkably effective in mercmy poisoning, 
all of a consecutive series of thirty patients having recovered under this treat- 
ment, some of whom otherwise would not have been expected to sunive. 



PHAEMACOLOGY OF SEVERAL DITHIOLS RELATED TO 
2,3-DIMERCAPTOPROPANrOL (BAL)» 

MAYNARD B. CHENOWETH, WALTER MODELL, and WALTER F. RIKER Jh.» 

Department of Pharmacology, Cornell University Medical College 

The present paper deals iviiL the resitlts of pbarmacdlo^D investigations of nine 
additional dithiols which were submitted to us in the course of the cooperative 
program of the several government agencies. The extent of the study of the 
various compoimds, was not equal. Some were investigated in considerable 
detail. In the case of others only such matters were explored as seemed necessary 
in relation to studies in progress in other cooperating laboratories. The study of 
some was interrupted when information became available indicating that the 
compounds lacked promise. Table 1 lists the compounds studied and their 
partial formulas. 

2,3-Dimercaptopropyl ethyl ether (NDR-293). Cats — general effects— 
intravenous injection. For intravenous injection a solution of NDR-293 in thiodi- 
glycol and ethanol was used. This solution contained approximatelj' 50 per cent 
ethanol, 20 per cent thiodiglycol and 4 per cent NDR-293 by volume. The doses 
are expressed in mM calculated from a specific gra^^ty of 1.05 and molecular 
weight of 152.3. A dose of 0.1 cc. of thiodiglycol per Kg. given intravenously 
for control in one cat caused fleeting slight ataxia ■without any other symptoms. 

The general systemic effects of intravenous injections of NDR'293 in unanes- 
thetized animals were studied in 19 cats. The doses ranged from 0.007 mlM 
(0.001 cc.) to 0.41 mM (0.06 cc.) per Kg.’ The smallest dose used produced no 
immediate effects, but by the following day there were mild symptoms of poison- 
ing, namely, slight depression, some muscular spasticity, wesJcness, impaired 
reflexes and anorexia. Even with this very small dose the duration of action was 
very long, and signs of illness were still present 37 days later when the animal was 
sacrificed. 

A dose five times as large produced more severe effects and a picture of poison- 
ing fairly characteristic of all the larger doses. Three phases were distinguishable 
in the course of the poisoning. There was a brief period of depression, sometimes 
with signs of collapse, ataxia and weakness. This was followed by a protracted 
period of convulsive h3T5ere.\citabi]ity and hjqjeractivity. Among the s;>Tnp- 
toms the follonung were included: lacrimation, blepharospasm, dilated pupils 
(react to light), foam 3 ’' salivation, vomiting, nystagmus, urination, changes in 

1 The work described in this paper was done under contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development 
and the Cornell University Medical College. 

• This study is part of a cooperative investigation planned and carried out by McKeen 
Cattell, Harry Gold, and other workers in the Department of Pharmacology. The paper 
is published under the name of the chief collaborators. _ 

’ For the sake of brevity, ‘‘per Kg." will be omitted since all doses are state in terms o 
body weight. 
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TABLE 1 


KAUE 

TOUniLA 

ICOL. WT. 

2,3-dimercaptopropanol (BAL) 

C—C—C 

124.2 

(NDR-133) 

1 1 1 

SHSHOH 


2,3-dimercaptopropyl ethyl ether 

0— C— C— 0 

162.3 

(Nr)R-293) 

1 1 1 

SH SH C:H. 


2,3-dimercaptopropyl acetate 

0-C— C— 0 

166.2 

(NDR-230) 

1 1 1 1 

SH SH CH.C=0 


He3canedithiol-l,6 

C— (CHj),— C 

150.3 

(NDR-139) 

1 1 

SH SH 

1 

Propanedi thiol -1 , 3 

C— C-C 

108.2 

(NDR-132) 

1 1 

SH SH 

1 

1,3-dithioglyoerol 

0— C— c 

124.2 

{NDR.397) 

! Ill 

SH OH SH 


Bi8-S{aoetamidomethyl) ether of BAL 

1 C—C—C 

266,4 

(NDR-406) 

1 1 1 

S S OH 

1 1 
c c 

1 1 

NHNH 

1 1 

H,C— C C— CH. 

II II 

0 0 


Bis-S(N-ethylacetamidomethyl) ether of 

C“C — c 

322.5 

BAL 

1 1 1 


(NDR-407) 

S S OH 

1 1 
c c 

1 1 

C— C— N N— O-C 

1 I 

H,C— C C— OH, 

li II 

0 0 


2 , 3 -dimercaptoprop 3 'I butj-1 ether 

0“G — C — 0 

180.3 

(NDR-420) 

1 1 1 

SH SH C.H, 
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TABLE 1 — Concluded 


NAUE 

rOJUICTLA 

UOL. WT 

Mono-SCacetamidomethyl) ether of BAL 

C — G“C 

195.2 

(NDR-475) 

1 1 1 

S SHOH 



i 

c 

( 



1 1 

, XH 

1 1 



, 1 

H 3 C— c 



n 



0 



affective state, the animal growling and gnashing the teeth but offering no re- 
sistance to painful stimuli, loss of initiative, awkward gait, impaired placement 
reflexes, abnormal postures, the animal l3dng with the hind limbs flexed and fore 
limbs extended with the head in marked extension. The behavior suggested 
decerebration. There was marked stimulation of respiration with panting. After 
the larger doses initial temporary paralysis of respiration was sometimes 
produced. 

On the day follo^ving the injection the signs of hyperactivity usually subsided 
and symptoms of diminished actinty appeared which lasted for many days or 
weeks. In a few cases there was a tendency to slow recovery but most animals 
show'ed little tendency to improvement throughout the course. In this period 
spontaneous activity w'as almost absent and the animals seemed incapable of 
effective reaction to the environment or to specific stimuli. They tended to 
remain in whatever position they were placed, in a catatonic-like state, some 
assuming a fetal posture remaining curled up for may days until death. They 
sometimes stood immobile, staring directly ahead for long periods. Anore.xia 
was often complete, the animal refusing food or water and losing as much as one- 
fourth to one-third of the body weight imtil death with emaciation in two weeks 
or longer. 

The effect on the ey^s, namely, lacrimation and blepharospasm, is much less 
pronounced than in the case of BAL. The effects on the central nervous system 
dominate the picture of poisoning, whereas in the case of BAL, the circulatory' 
effects are outstanding. Also in the case of BAL the coiuse of poisoning is 
essentially acute, while in the case of NDR-293 a chronic and, for the most part, 
an irreversible damage of the central nen'ous sj'stem takes place. 

The onset of the symptoms following the intravenous injection of the larger 
doses was almost imme^ate. The course was protracted over periods of two 
weeks or longer, usually terminating in death. One animal showed complete 
recovery' after 4 days, two others after 21 and 28 days, respectively. 

An acutely' fatal outcome was obsen'ed in only' one animal, death occurnng 
with respiratory' failure within 3 minutes after a dose 60 times that which causes 
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mild symptoms. It is noteworthy that for NDR-293 the action causing acute 
death is relatively feeble bj' comparison with that action which gives rise to 
chronic poisoning; thus a dose 40 times that which causes mild poisoning does 
not kill quickly but produces a state of chronic poisoning lasting weeks. 

We do not have sufficient experiments to relate the dose to the duration of the 
course of fatal poiscning. The indications from 4 cases in which the course 
terminated spontaneously are that the size of the dose has little influence on the 
length of life proidded the animal does not die from the acute effects. In this 
group of 4 animals the survival periods were essentially the same in the animal 
that received 0.035 mM as in those which received two and four times as much. 
It may well be that death in the chronic poisoning is not the direct result of injury 
of the central nenmus sj'stem but of the inanition as a consequence of the 
poisoning. 

The inanition was of a tj'pe, however, which could not be prevented by ad- 
ministering a high caloric diet by stomach tube. Each of 4 cats was fed daily in 
this manner. The period of poisoning was somewhat prolonged, although symp- 
toms were not significant!}' changed. The forcing of food resulted in vomiting 
and the loss of weight progressed, in some cases in a manner similar to those 
animals which were not so fed although the loss of weight seemed to have been 
retarded in other cases. 

Cats — general effects — intramusailar injection. The effect of the intramuscular 
injection of NDR-293 was studied in 12 cats. There were 15 doses. In these 
experiments the drug was injected undiluted. The doses varied from 0.07 mM 
(0.01 cc.) to 0.34 miil (0.05 cc.). Qualitatively the sjmptoms were similar to 
those after the intravenous injections. The onset of effects was delayed for 
variable periods of time from 4 to 75 minutes. In one case there was a delay of 
about 19 hours after detectable effects. The smallest dose used, 0.07 mM, caused 
mild symptoms with recovery in 2 days. The toxicity by intramuscular injection 
showed much vider variation than by intravenous injection, suggesting irregular 
absorption. It is not feasible to obtain a ratio of the to.xicity by intramuscular 
and intravenous injection because of the irregular effects following the intra- 
muscular doses. In one case, a dose by intramuscular injection caused less effect 
than iV of that dose by intravenous injection in another animal. However, in 
one animal a dose of 0.14 mM intramuscularly produced no effects, while in 
another a similar dose produced severe poisoning in about 10 minutes with death 
in 14 days, an effect uhich is indistinguishable from that of a similar dose by 
intravenous injection. 

1 ho area of the muscle in which the drug was injected was excised and c.xamined 
grossly and histologically in 5 animals. The agent produced necrosis of the 
muscle with ycllowi.sh discoloration and yielded a faint odor of NDR-293. 

Cats general effects — cutaneous application. In each of 4 cats the hair was 
clipped close to the skin on the ventral side of the abdomen and wa-shed. The 
agent nas applied undiluted to an area of skin, nibbed, and allowed to penetrate. 
The doses applied varied from 0.14 miM to 1.3S mM. The agent produced a 
local effect, a mild erj-thema followed by an edematous wheal of moderate sever- 
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ity •\\'ithm several minutes. Local damage to the capillaries of the skin was also 
shown by the observation that the area of application developed blue coloration 
after an intravenous injection of Evans blue (T-1824). All local effects disap- 
peared within a day or two. The results also show that systemic absorption 
occurs after cutaneous application of NDR-293, sjunptoms appearing in from 15 
to 45 minutes. Fairly marked symptoms were produced with poisoning lasting 
11 days. Doses of from 20 to 40 times those which cause mild sjTnptoms by 
intravenous injection, produced, by cutaneous application, little or no effect. 
The dose required for S3"stemic effects by cutaneous administration laj-^ in the 
range of 100 times the intravenous dose. 

Cats — cardiovascular dynamics. The circulatory changes produced bj' NDR- 
293 were investigated in 17 cats. The drug was injected intravenously (doses 
0.07 to 0.21 mM) in most cases in the form of the solution pre\douslj’’ described 
for intravenous injection. In the 4 cases in which it was given intramuscularly 

CAT 198 

LEAD II 

' ( ' 

to-069 mM/KG. ”293!' I.V. 

TZf J!T !« As AvAvAv As' Av ^ ^ 

" . < r ^ ; / , 

1 ^ 0.069 mM/KG, "293" I.V. 

APTER ATROPINE 

Fig. 1 

(doses 0.07 to 0.35 mM) it was used undiluted. The following systems were 
studied: the carotid blood pressure, the portal vein pressure, the femoral or iliac 
vein pressure, the peripheral resistance bj' the Bartlett technic (1), the peripheral 
resistance by perfusion of the isolated leg, the cervical lymph flow, and the heart 
bj" the electrocardiogram. 

Toxic doses of NDR-293 by intravenous injection caused an abrupt fall of the 
arterial blood pressure which often reached shock levels. In most cases the 
blood pressure showed a tendency to fairlj’ prompt recovery. 

There was a marked slowing of the heart which was prevented by atropine. 
This is shown in the electrocardiogram (fig. 1). The fall of the blood pressure was 
not prevented bj- atropine or carotid sinus denervation. 

Simultaneously with the fall of blood pressure there occurred a rise of the portal 
pressure and a rise of the systemic venous pressure, the latter tending subse- 
quently to fall off somewhat below the control. 
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lypes of effects on the arterial blood pressure are reproduced in figures 2, 3, and 
4. That in figure 2 is tj^Dical of the usual response, namelj’’, an abrupt fall with 
rapid recovery. Figure 4 shows a vasopressor effect obtained unth small doses; 
although the dose in this case was fairlj'' large, it had the effect of small doses 



TIME-M INUTES 
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because it was made intra-arterially and intense local constriction prevented free 
access to the circulation. 

The marked rise of portal pressure is shomi in figure 3 which also demonstrates 
the tj^pc of effect on the systemic venous pressure. 


BLOOD PRESSURE — MM.HO. 
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A sustained increase in peripheral resistance in the intact leg is shown in figures 
3 and 4. A similar constrictor and irreversible effect in the isolated perfused leg 
was reported in a previous study (2). 




Figure 5 shows a marked increase in cervical lymph flow. This is in all proba- 
bility due to the increased capillary permeability shown more directlj' by the 
results of the experiments with Evans blue (T-1824) described below. 

The foregoing actions on the circulation (arteriolar constriction, capillary 
paralysis, predominantly vasodepressor effect and shock) are in general similar 
to those of BAL with some modifications in design. BAL does not cause the 
vagal slowing of the heart. Aso in the case of BAL, the arterial blood pressure 
continues to fall, and the increased peripheral resistance is reversible (2). 
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Cats — capillaries. Each of 6 cats received an intravenous injection of 5 mg. of 
ih'ans blue (T-1824). The NDR-293 was then administered intravenously in 5 
and applied to the skin in 1. The animal was obser%'ed for changes in the bluish 
coloration in the tissues as evidence of the escape of the dye through the capillary 
walls. The application of 1.38 mM NDR-293 to the skin gave rise to intensely 
blue color in that area indicating local damage of the capillaries. The intra- 
venous injection of doses of 0.14 to 0.28 mM in some cases strongly intensified the 
bluish coloration of the skin and mucous membranes. It began within less than 
10 minutes after the dithiol was injected. As in the case of BAL, simultaneous 
determinations of the hematocrit showed hemoconcentration, in contrast to the 
dye in the blood which failed to concentrate. This fact, as weU as the blue colora- 
tion of the tissues, indicates that NDR-293 increases the permeability of the 
capillaries. 

Cats — brain pathology. Gross examination was made post-mortem in almost 
all animals. No abnormalities in the heart, lungs, kidneys, or other viscera were 
observed with sufficient uniformity to be ascribed to the direct action of the drug. 
Dehydration and loss of body fat were present in those suffering with malnutri- 
tion. The brain was examined grossly in a majority of animals and sections 
were stained for histological examination. Extensive degeneration in cerebral 
cortical, and cerebellar cells was present. In view' of the fact, however, that pro- 
longed poisoning by NDR-293 resulted in malnutrition and inanition, the 
significance of these findings remained in doubt. 

In another group of 5 cats, the drug in highly toxic doses was administered 
intramuscularlj' and the animals were fed daily by stomach tube with the result 
that the state of nutrition was better maintained. They were sacrificed in 
periods ranging from 1 to 7 days after the drug. The brains were fixed in 10 per 
cent formalin and sent to the Laboratory of Pathology (Dr. M. C. Winternitz) in 
New Haven for histological examination. The results are summarized in table 2. 
There were some histological changes in the cerebrum and cerebellum. They 
appeared to develop onlj' after several days. The changes included chromatoly- 
sis of ganglion cells of Ammon’s horn, diminution in the number of ganglion cells 
in the cerebral cortex, and perivascular lymphocytic infiltration. The changes 
were inconstant. 

Cats—blood. The blood was studied for effects of NDR-293 on the hemo- 
globin, the cellular elements, the hematocrit, non-protein nitrogen, creatinine, 
COj-combining-power and prothrombin content. The results in the 8 animals 
nre summarized in table 3. One animal was used for control purposes. In three, 
the study is incomplete because they represent incidental observations on tlie 
blood made during the course of other experiments. In tlie remaining four ani- 
mals, two control samples of blood were studied before the drug and several 
samples taken at intervals of from 3 to 7 daj’s after the drug. In all cases the 
animals were in a state of severe poisoning after the drug at the time the samples 
w-erc taken. The doses of NDR-293 varied from 0.07 to 0.28 mM by intravenous 
injection. 

There was a fairly consistent fall of the hematocrit. There was an occasional 
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reduction in the hemoglobin and red blood cell count. The number of white 
blood cells was extremely irregular. The relationships between the hematocrit, 
hemoglobin and red blood cell content were so irregular that one cannot detect 
the imderlying factor at work in tlie changes of the cellular elements of the blood. 

The non-protein nitrogen varied considerably but an unmistakable azotemia 
with a non-protein nitrogen of 180 mg. per 100 cc. developed in 2 cases. No 
significant change in creatinine occurred. The COj-combining-power was also 
not significantly altered. The prothrombin content of the blood fell in 2 cases. 

TABLE 2 


Brain pathology in cals poisoned by intramuscular NDR-S93 


CAT. 

KO. 

1 

DOSE OF 
NDR.293 

SVUPTOUS OP 
POISOKJKG 

XVTERVAl. 
non FIRST 
DOSE TO 
SECTION OP 
BSAIK 

HISTOLOGY 


mir/Kg. 


dayj 


320 

0.28 

Typical, marked 

2 

Cerebrum, cerebellum, normal. 

321 

0.28 

Typical, marked 

1 

Cerebral corte.v, basal ganglia, cornu am- 
monis formations, cerebellum, pons, 
normal. 

322 ; 

1 

1 

1 

0.28 
0.34 
(3 days 
later) 

Tj’pical, marked 

1 

6 

Cerebral cortical laminae, cerebellar folia, 
pons, normal. Ammon’s horn normal 
e.xcept for a few chromatolytic ganglion 
cells. 

323 

0.28 

Moderate 

4 

I 

Cerebral cortex, basal ganglia, pons, cere- 
bellar cortex, normal. Ischemic change 
in some neurons of Ammon's horn (a few 
cells have disappeared and loss masked 
by increase in astrocytes). 

324 

1 

i 

1 

Moderate 

1 

5 

Cerebellum and pons normal. In cortex 
number of ganglion cells absent in tem- 
poral lobe, no vascular jiroliferalion and 
feeble gliosis at this site. Ammon s 
horn normal. In basal ganglia lympho- 
cytic collars on some vessels, but neurons 
normal. 


It appears that the cellular elements of the blood am not consistently altered m 
chronic poisoning by NDR-293, that renal damage as shown by azotemia and 
liver damage as shorni by diminished prothrombin developed occasionally. 

Dogs. The general systemic effects of ICDR-293 in dogs were studied after 
intravenous injection and cutaneous application. 

Each of 4 dogs received intravenous injections of doses ranging from 0.035 to 
0.09 mM. The effects were qualitative^’- the same as those in cats both in regard 
to the immediate reaction and the prolonged poisoning. The relative sensitive- 
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ness of the dog to acute and chronic poisoning is not the same as that of the cat. 
The dog is more sensitive to the acute effects and the cat more sensitive to the 
chronic effects. The results indicate that the dog is about five times as sensitive 
as the cat to acute effects. Thus, one dog died from 0.09 nxM and very sei'ere 
symptoms regularly resulted from 0.05 mM, whereas cats survived the acute 
effects of 0.28 luM. The dog recovered quickly, usually almost completed' 
within a few hours, and showed relatively little chronic poisoning which was the 
outstanding phenomenon in cats. Tlie failure to observe more severe chronic 
poisoning in the dog may be due to the fact that it is not possible to give large 
enough doses without causing death from the acute action. The difference may 
also be partlj'- due to the more rapid elimination of the compound in the dog. 

The results of cutaneous application were studied in 5 dogs after doses of 0.14 
to 1.04 mM. As in the case of cats, slight local irritation was produced and 
there was some absorption as shorni by systemic effects. The S3''stemic poisoning 


TABLE 4 

Effeci of NDR-S93 in monkey (Macacus Rhesus) 


DOSE 

ROUTE 

ONSET OF 
EFFECTS 

DURATION OF 
FOrSONTNC 

REUABES 

0.07 

1 

i 

Vein 

Immediate 

1 

S hours 
Recovered 

Respiration ceased, artificial respiration, 
salivation, convulsive jerking, diar- 
rhea, incessant movements. 

0.41 
(16 daj'S 
later) 

Muscle 

30 min. 

<20 hours 
Recovered 

Slight depression, hoarse breathing, 
weakness, unable to stand, constricted 
pupils, blinking, vomiting. 

0.69 
(14 da3-s 
later) 

Muscle 

5 min. 

20 hours 
Recovered 

Crouching, depressed, tremors, rigid, 
expiratory grunt, prostate, does not 
resist handling. 


after even verv large doses was verj'- slight with recoverj’ within a few hours. 
Tile smallest dose used which produced some sj^stemic effects was 0.38 mM, but 
there were marked individual variations, and a dose twice as large produced no 
effect. 

Monkey. The effects of XDR-293 were studied in one monkey. The results 
are summarized in table 4. A dose of 0.07 mM intravenously produced imme- 
diate effects which nearlj' proved fatal. There was no tendency to chronic 
effects. Eecover.v was complete in 5 hours. Similar S3Tnptoms, but less pro- 
nounced, were produced b3’^ a dose 10 times as large by intramuscular injection. 
The3' lasted about 20 hours. The results in this experiment show that the mon- 
ke3' resembles the dog rather than the cat with respect to the high susceptibility 
to the acute effects and low susceptibilit3’- to chronic effects. 

Rabbit. The effects of NDR-293 were observed in each of 2 rabbits after an 
intramuscular dose of 0.0G9 and 0.69 mM respeetivel3'. Signs of poisoning ap- 
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peared vithin about one and a half hours, rapid respiration, salivation, anorexia, 
abnormal head movements, nj'stagmus, and convulsions. Recovery was prac- 
tically complete within 24 hours although nystagmus persisted for more than 5 
days. The animals were sacrificed at the end of 5 daj’^s. The site of the injection 
in the muscle was necrotic. There was damage of the cerebral and cerebellar 
cortical cells. 

2,3-Dimerc.aptopeopyl acetate (NDR-230). Cats — general effects — intra- 
venous injection. This compound was injected intravenously in the form of a 10 
per cent solution in propjdene glycol in each of 17 cats. The doses varied from 
0.025 to 0.05 cc. The signs of poisoning included conjunctivitis with edema of 
the conjunctiva, blepharospasm, lacrimation, salivation, ataxia, prostration, 
impaired response to painful stimuli, respiratory stimulation and myoclonic 
convulsions. Symptoms appeared almost immediately. The initial effect in 
some cases was intense prostration from which the animal seemed to recover 
within about a minute. This may possibly be due to the immediate drop in the 
blood pressure which will be discussed later. The eye-signs listed above, followed 
within the ne.xt few minutes as well as the other symptoms of poisoning which 
increased in intensity until mj'oclonic convulsions appeared in from 7 to 63 
minutes. In the fatal cases, following the doses used, animals died in from 21 to 
156 minutes (average 90 minutes). In the non-fatal cases the course was also 
brief, recovery being apparently complete in most cases within less than 24 hours. 

The LD 50 by intravenous injection is 0.036 cc. In this small series of experi- 
ments, the smallest dose which proved fatal was 0.03 cc. and the largest dose 
which was survived was 0.04 cc. 

Cals — general effects — intramuscular injection. Observations were made on 10 
cats after doses of from 0.04 to 0.75 cc. The substance was administered, as in 
the case of the intravenous doses, in the form of a 10 per cent solution in propjdene 
glycol. It produced severe local irritation, os seen bj' the fact that immediately 
after the injection the cats cried and howled as if in pain. Evidence of local 
irritant action was confirmed at post-mortem in 2 cases. 

Absorption was fairly prompt, sj-mptoms appearing in from 11 to 46 minutes, 
'ihe symptoms were substantially similar to those after the intravenous doses. 
The compound was approximately 30 per cent less effective bj^ the intramuscular 
route. However, the toxicitj^ was also more irregular, one animal succumbing to 
a dose of 0.04 cc. in a manner similar to that after such a dose given by intra- 
venous injection, while another failed to show anj' effects from a dose nearlj'^ twice 
as large, 0.075 cc. As in the case of intravenous injections the course of the poi- 
soning Mas fairlj' brief, terminating in death within a few hours, or in complete 
recovery in lc.ss than 24 hours. 

Cals general effects — cutaneous application. The effect of cutaneous applica- 
tion uas studied in 14 cat.«. d’he drug was applied imdiluted to the skin of the 
abdomen or tiiorax or both, the site having been prepaied by close clipping of the 
hair, w.a.shing and drying. Tlie doses varied from 0.04 to 0.2 cc. The areas 
covered varied from 28 to 55 square centimeters. 

A strong local action at the site of application w;is produced. It usuallv ap- 
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peared in less than 10 minutes. Its intensity varied from animal to animal and to 
some extent with the dose. It consisted of erythema, edema, and later ulcera- 
tion. The redness and swelling usuall}’ lasted from 3 tc 4 da}’s and the ulceration 
for more than 20 days, in one case longer than 85 days. 

There was some absorption of the material directly applied to the skin, although 
the amount was very small as indicated by the slight systemic effects. With one 
exception the systemic effects were confined to those on the eye and the salivar}' 
gland, mainly lacrimation, blinking and salivation. These appeared in from 24 
to 94 minutes after the application. They lasted a few hours; they were, m ith one 
exception, over in less than 24 hours. The feeble action bj' cutaneous application 
may in part be due to rapid elimination. 

The effects of the cutaneous application in one dog were similar to those in 
cats, but less marked. 

Cats — cardiovascular dynamics. Observations vere made in 10 cats during 
“Dial” anesthesia. NDR-230 was administered intravenously in a 10 per cent 
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Fig 6 

solution in propylene glycol. The doses ranged from 0.02 to 0.075 cc. The 
systemic arterial pressure fell sharply, often to shock levels, immediately after 
the injection, and verj' prompt^ returned to a level slightly below, or some^^hot 
above the control value. It v as then nell maintained for several hours. In the 
case of fatal doses, after being maintained for an hour or two it began to fall off 
steadily, again reaching shock levels in a period of about a half hour. There v as 
an increase in the peripheral arterial resistance as seen in the perfusion of the 
intact cat’s leg nith the Bartlett technic. A slight temporary increase in portal 
vein pressure was observed in one case, in another a slight temporary increase 
followed by a decrease of femoral vein pressure, and a moderate increase in 
ceridcal lymph flow in a third case. 

In all of 3 cats in which electrocardiograms v ere made, changes n ere observed 
(fig. 6). Tlie voltage of the P-wa\'es increased and of the R-waves decreased. 
There was marked temporary slowing of the sinus rhythm, there were ventricular 
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premature contractions and A-V dissociation. The latter changes followed the 
larger doses. In one animalmarked electrocardiographic changes were produced, 
but the respiration ceased during the injection and the heart continued to beat 
for several minutes. 

Thd pattern of the effects on the circulation resembles more closely that of 
NDR-293 than that of BAL. In the range of doses used in these experiments 
death may be due to a combination of respiratory and circulatory failure. It is 
not primarily cardiac. 

Cats — pathological changes. The results of post-mortem examination were 
studied in 27 animals. The outstanding changes were observed in the heart. 
The most common finding was a pericardial effusion, which was sometimes clear 
and straw colored, but usually sero-sanguinous. From 3 to 10 cc. was found in 
the pericardial sac. It formed fairly rapidly and was present in all cases which 
died in from 58 to 156 minutes, while those which sundved similar intravenous 
doses and were examined 1 to 10 days later failed to show effusion or any changes 
which would indicate that effusion had been present and had been absorbed. It 
was also not dependent on poisoning severe enough to cause death, since in the 
fatal cases after intramuscular injection there was no effusion. It seems probable 
that the production of a pericardial effusion depends on a high concentration of 
the drug in the blood stream. 

Subpericardial hemorrhages were observed in 3 cases. Subendocardial hemor- 
rhages of varying degree were commonly seen. However, these are frequently 
found in normal cats and their rignificance remains uncertain. Hemoglobinuria 
was obsen'ed in 3 cats after intravenous doses. 

In the case of intramuscular injection evidence of local irritation was found. 
In one animal which died in less than 3 hours there was edema, in another killed 
6 days after the NDR-230, there was a fibrotic nodule at the site of injection. 
The pathological changes in the skin after cutaneous application have already 
been discussed. • 

PnoPANEDiTHiOL — 1 ,3 CNDR-132) . Each of 6 cats received intravenous doses 
of from 0.02 to 0.03 cc. of this substance in the form of a 10 per cent solution in 
propylene glj’col. The effects resembled those of NDR-230 and NDR-293. 
There ivere crjing, salivation, blepharospasm, tremors, hj^perexcitabilitj' and 
convulsions. Symptoms of poisoning were distinct in from 4 to 12 minutes after 
the injection. The course of the poisoning nas brief with complete recovery in 
4 to 12 hours. After fatal doses, death occurred in from 26 to 37 minutes. The 
calculated LD 50 dose for the 6 cats was 0.026 cc. 

The gross examination of the viscera post-mortem revealed no significant 
changes with the exception of those observed in the lungs which showed hemor- 
rhages and edema. 

1 ,3-DiTHioGLYCEnoL (KDR-397). Each of 16 cats received intravenous 
doses of this compound in doses ranging from 0.005 to 0.03 cc. in a 1 per cent 
solution in physiological salt solution. Effects appeared immediately and re- 
sembled those of NDR-230. There was crjing, excitement, signs of apprehen- 
sion, tremors, atn.xia, hj-pcrexcitabilitj', rapid respiration, pilomotor stimulation. 
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a^d in the course of from 2 to 22 minutes rajmclonic convulsions. Salivation was 
a frequent symptom, but unlike BAL, NDR-230 or NDR--293, there were no signs 
of conjunctival irritation. Death occurred in from 5 to 55 minutes after doses of 
0.0065 cc. or more. The larger the dose the more rapid the course of the fatal 
poisoning. Five animals survived doses of 0.005 or 0.0065 cc., although they 
developed severe sj^ptoms of poisoning, one svith consTilsions. like BAL and 
NDR-230, but imlike NDR-293, the course of the poisoning was brief, recover^' 
being complete after these doses in from 6 to 15 hours. The LD 50 dose calcu- 
lated from these data was 0.0061 cc. or about ^ that for BAL. , 

Gross examination of the viscera post-mortem showedno significant abnormali- 
ties with the exception of the lungs. They were dark, red and engorged with 
blood. The blood escaped freeb' when the organ was sectioned, the lung then 
returning to its normal pale appearance. There was no pulmonary edema. 

2,3-DiMBRCAPTOPROPYi, BUTYL ETHER (NDR-420). Each of four cats re- 
ceived an intravenous injection of this substance in the form of a 1 per cent solu- 
tion in propylene glycol, the doses varjnng from 0.042 to 0.096 mM. The effects 
appeared promptly and were well developed in from 3 to 4 minutes. The signs 
of poisoning included those of conjimctival irritation, edema, blepharospasm, 
salivation, profound depression, ata.xia, marked pupillary dilatation, hyper- 
excitability, myoclonic convulsions and muscular rigidit}' resembling that of 
catatonia. iVhen the animal was put into an awku'ard position it was inclined 
to maintain it for some time. Two of the 4 doses proved fatal in 72 and 125 
minutes. In one the poisoning persisted and the animal was killed during a 
moribund state on the third day. The remaining animal continued to show 
ataxia for 5 days although the other symptoms had subsided, and was found dead 
on the sixth day. 

The gross examination of the idscera post-mortem showed no significant 
changes. The urine in two of the animals was red, and although it showed no 
red cells microscopically, the benzidine test was strongly positive, indicating 
hemoglobinuria. 

Bis-S (Acetamidojiethi-l) ether of BAL (NDR-406). This compound was 
administered intravenously to each of 12 cats in doses ranging from 0.057 to 0.5/ 
mM. The LD SO calculated from the data was 0.42 mM. It caused sjnnptoms 
similar to those of BAL, namel 3 % blepharospasm, lacrimation, salivation, con- 
junctival edema, moderate depression and ataxia. In most of those animals 
which received the larger doses, and in all of those that died there was a period of 
violent myoclonie convulsions. Death occurred in an average period of 72 
minutes, which is sooner than is the case with comparable doses of B.4L. At 
post-mortem, most of them showed clear pericardial effusions. This also applied 
to several sacrificed after apparent recovery. There were no other consistent 
findings. 

Bis-S ('N-ETHYLACETAMtDOMETHTL) ETHER OP BAL fN'DR-407). This Com- 
pound was administered intravenouslj- to each of 14 cats in doses of from 0.28 to 
0.57 mM. The calculated LD 50 was 0.52 mhl. The effects were similar to 
those of NDR-406. All 5 cats which died had clear pericardial effusions. Con- 
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viilsions and death were somewhat delayed, the average time to death being 219 
minutes. 

Mono-S (acetamidomethtl) eteter of BAL (NDR-475). This compound 
was administered to each of 19 cats in doses ranging from 0.09 to 1.10 mM. The 
calculated LD 50 dose was 0.30 mM. The average time to death in 12 animals 
was 77 minutes. Symptoms were in all respects similar to those of NDIl-406 and 
NDR-407, with rather marked eye signs, but convulsions and ataxia were less 
pronounced. Ten of the 12 animals which died had clear pericardial effusions, 
hut no other pathological changes. 

Hexanedithiol-I ,6 (NDR-139). This compound was administered by intra- 
venous injection to each of 14 cats in doses varying from 0.02 to 0.2 cc. Symp- 
toms appeared almost immediately, weakness, lassitude, dilatation of the pupils 
with slug^sh response to light, and ataxia. Partial recovery occurred within a 
few hours, there remaining slight depression, ataxia, and sluggish response to 



pressure on the tail, although the animal appeared alert. With doses above 0.1 
cc., signs of poisoning re-appeared after temporary improvement, and unlike 
those of BAL , progressed sloivly to fatal termination in twenty-four to forty- 
eight hours. In the terminal stages the animals showed prostration with walking 
movements but no commlsions. The LD 50 was found to be 0.083 cc. or 3 to 4 
times that of BAL, and the survival period was longer (fig. 7). 

There were additional points in respect to which the effects differed from those 
of BAL. Tlierc was almost complete absence of eye symptoms, such as lacrima- 
tion and edema. Salivation was very slight or absent. In contrast to BAL, 
these animals lay quietly in a relaxed state wliilc those after BAL showed unrest 
and hypercxcitability. 

NDR-139 was tested for its effect on the isolated sartorius muscle of the frog 
by the technic described elsewhere (3). In a concentration of 0.001 M solution, 
it quickly aboh’shed the recovery hc.it and induced deterioration of the mechani- 
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cal response. In respect to this action, it was more potent than BAL. The 
effect on the recovery heat was reversible; in one experiment in which a jM/2000 
solution completely inhibited the recovery heat, it returned to a normal value 
after immersion in Ringer’s solution for one hour. 

SUMMARY 

1. This paper presents an account of pharmacologic observations on 9 dithiols, 
chemically related to the better known anti-lewisite BAL. 

2. All of these compounds are toxic and fatal by intravenous injection in doses 
ranging from about 0.006 to 0.15 cc. per Kg. The range of toxicity is much 
narrower on a molar basis. 

3. The symptoms of poisoning include the following: ej’-e (blinking, blepharo- 
spasm, lacrimation, conjunctivitis, edema of conjunctiva); gastro-intestinal 
(salivation, vomiting, anorexia, diarrhea); central nervous (apprehension, de- 
pression, tremor, unrest, excitement, ataxia, convulsions, catatonia); c.ardio- 
vascular (fall and rise in blood pressure, shock, arteriolar constriction, capillarj’ 
paralysis with increased permeability, pulmonary edema, pericardial effusion, 
electrocardiographic changes, cardiac slowing and acceleration). 

4. The toxicity as well as the symptoms of poisoning varied with differences in 
the chemical structime. For e.xample, an exchange of the position of the — OH 
and — SH groups of NDR-133 (BAL) as in the compound NDR-397 resulted in a 
five-fold increase in toxicity and a disappearance of the effects on the e 3 'e. The 
conversion of NDR-133 (BAL) into its ethjd ether, NDR-293, left intact the 
circulatory changes, greatly reduced the acute toxicitj', but introduced a chronic 
irreversible toxic action on the central nervous system never seen in case of BAL. 
Four of the compounds (NDR-230, -406, -407, -475) produced a pericardial 
effusion; from the limited experience it is not cle.ar as to what one of the chemical 
changes is responsible for this action. It is noteworthy that the sulfur compound 
thiosinamine or aUylsulphourea has been used for the production of e.xperimental 
effusions (4). 

5. Species differences in response to the dithiols exist; for e.xample, NDR-293 
which caused chronic changes in tlie central nervous sj'stem in the cat, was without 
tliis effect in the monkej^ and dog. 

6. The duration of action is fairlj' brief in the case of most of the dithiols, 
death occurring fairly promptly, or recovery within 24 hours or Jess. Protracted 
actions over daj^s and weeks were seen in the case of NDR-293 and -420. 
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THE TOXICITIES OF COMPOUNDS RELATED TO 
2,3-DIMERCAPTOPROPANOL (BAL) WITH A 
NOTE ON THEIR RELATHE THERAPEUTIC 
EFFICIENCY! 

O. GARTH FITZHUGH, GEOFFREY WOODARD, HERBERT A. BRAUN, 
LEHMAN M. LUSKY and HERBERT O. CALVERY 

From the Division of Pharmacology, Food and Drug Adminisiralion, Federal Security Agency, 

Washington, D. C. 

A number of thiols and derivatives related to BAL (British anti-lewisite) were 
submitted to this laboratory for evaluation as possible substitutes for BAL in the 
treatment of arsenical gas poisoning. Besides testing these compounds for their 
therapeutic effects in the treatment of lewisite lesions, the intramuscular toxicity, 
local toxicity in the eye and the toxicity by inunction into the intact skin of rab- 
bits were obtained cn most of these compounds. Some were studied thoroughly 
when they showed promise; others w’ere studied only in a cursory maimer when 
great residual damage to the animals was indicated. These compounds are 
listed in table 1 in the order of increasing toxicity as determined by intramuscular 
injection in the rat. 

A, Intramuscular toxicity. Various samples of BAL and 26 compounds 
related to BAL were examined for sj'stemio to.xicity by intramuscular injections 
in rats and/or rabbits. As a standard of reference, the toxicity of BAL was 
carefully determined intramuscularly in rats and rabbits, intravenously in rab- 
bits, and intraperitoneally in rats. The injections were made intravenously in 
the ear vein and intramuscularlj'- in the sacrospinalis of the rabbit or in the thigh 
muscles of the rat. The preparations in concentrations ranging from 0.3 to 2.0 
molar were usually in solution in ethylene gij’col. To facilitate the inter-com- 
parison of the compounds related to BAL, the LD50’s have been expressed in 
table 1 in millimoles per kilogram of body weight (mM./kgm.). 

Vlien injected intramuscularly, BAL and all compounds studied showed 
definite toxicity to animals. Our experiments confirm the reports of Peters, 
Stocken and Thompson (1) and of Waters and Stock (2) that BAL produces 
profound toxic effects in rats. BAL has an intramuscular LD50 of about 10 
mgm./kgm. (0.85 mM./kgm.) in the rat. The least to.xic of the compounds 
studied was slightly less than half as toxic as BAL (table 1). Of the 26 com- 
pounds, 14 (Nos. 14-27) were more toxic than BAL and 4 (Nos. 24-27) were more 
than twice as toxic. All of these compounds studied were, within reasonable 
limits, of the same order of toxicity to rats as to rabbits. 

B. Toxicity dy inunction into RAimrrs’ skin. The acute toxicity of BAL 
and 13 related compounds was investigated by application to the intact cUpped 
skin on the back of rabbits. In the case of liquii 100% material was applied, 

' A portion of the funds used in this investigation was supplied by o transfer, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Division of Phannacologj* of the Food and Drug Administration, 
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TABLE 1 


Toxicity of BAL and related compounds 


NO. 

NAJi£ OT COKPOUND 

COKCEN- 

niTSAUVSeULAS 
TOXICITY LD50 

TOXICITY 
BY IKUNO 

1 BATIO 
SIOMLDSO; 
IKTEA- 

f LOCAL TOXIC 
rmersTO 


UOUOL 

Rats 

Rabbits 

IDSO 

BABBITS 

LDSO— 

BABBITS 

BABBITS 




mir.f 

hgm. 

mif./ 

kgm 

mlt./igm. 



1 

N-metLylol-diethanolamine ad- 

* 


2.0 

>12 

>6 

Moderate 


dition product mth BAL 







2 

3,4-dimercaptobutanoI 

2.0 


1.5 




3 

Bis-S (acetamidomethyl) ether of 

0.5 

1.4 

2.0 

>11 

>5.5 

Moderate 


BAL 







4 

2,3-dimercaptopropyI urea 

1.0 

1.3 

0.96 

6.5 

6.6 

None 

5 

Bis-S (N-ethyl acetamidomethyl) 

0.5 

1.3 


>9.5 


Mid 


ether of BAL 







6 

Dimethylamino methyl dimethyl 

0.5 

1.2 

1.1 

4.3 

3.9 

Severe 


dithiocarbamate 1 







7 

Diethanol-ammonium 1,2-dithio- 

0.87 

1.0 






glycerol | 







8 

S (methyl glucaminomethyl) ether 

0.44 







of 1,2-dithiogIyceroI 


I.O 





9 

N (2,3-dimereaptopropyl) car- 

0.5 


1.0 

38 

18 

Severe 


bamate 







10 

2,3-dimercaptopropyl ethyl ether 

1 1.30 

ll.O 

1.0 

t 4.9 

4.9 

None 



, 0.65 






11 

Methyl glucammonium 1,2-di- 

' 0.40 

1 1.0 






thioglycerol 

1 






12 

S (diethanol aminomethyl) ether 

' 0.63 

t 1.0 






of 1 , 2-dithioglycerol 







13 

BAL = 2,3-dimercaptopropanol 

1.6 

1 0.85 

0.8 

3.2 

4.0 

Mid 


or l, 2 -dithiogl 3 ’cerol 

1.6 

0.53t 







0.4 

0.79} 





14 

Mono-S-acetomidomethyl ether 

2.0 


0.8 

13 

16.2 

Mild 

15 

Methj'l 2,3-dimercsptopropionate 

! 0.5 

0.79 


10-15 

IS. 

None 

16 

1,3-di thioglycerol 

1.60 

0.65 





17) 

2,3-dimercaptopropyl methyl 

1 * 


0.62 

3 

4.7 

None 

1 

ether 







18 

2,3-dimercapto propionic acid 
S(diethanolaniinomethj'l) ether of 

0.5 

0.6 

I 

7.8 


None 

19 1 

0.52 

0.6 





1 

propane dithiol-1,3 







20 

S (methyl glucaminomethjd) ether 

0.36 

0.5 






of trithioglycerol 







21 

Propanedithiol-l , 3 

1.84 

0.5 





22 

Propanedithiol-1 , 2 

0.92 

0.5 




None 

23 

2,3-dimercaptopropj-l ether 

0.5 

0.47 

0.41 

5.4 

13. 

24 

Dithiobiuret 

0.5 

0.4 

0.68 

>7.4 

>12. 

None 

25 

2,3-dimercaptopropj’l chloride 

0.35 

0.36} 





26 

Mixture of l,2and 1,3-dithiogIj'C- 

1.6 

0.36 






erols 







27 

Propanetrithiol-1,2-3 

0.5 

0.3 






•Pure material used, 
t Intravenous dose. 

* T«*..onoritnTlPal dOSe. 
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while in the case of solids a saturated solution in diethylene glycol mono ethyl 
ether (carbitol) was used. This w'as done by one of two methods; (a) The 
material was applied under a tight rubber cuff with the animal in stocks for a 
period of about 17 hours as described in a previous publication from this labora- 
tory (3), and (b) the material was rubbed into the skin with a glass rod for a 
period of 10 minutes and then the animal was returned to its cage. The purpose 
of the first method was to prevent the animals from licking the material and to 
prevent loss by evaporation. The approximate LD50 (2.5 mM./kgm.) of BAL 
determined by this method was lower than by the second method. Marked 
necrosis of the skin occurred in most instances. In order to simplify the test and 
to make possible the use of a larger number of animals, the second method rvas 
adopted. Observations over long periods shownd that the animals made no 
attempt to lick the material. The LD50 for 100% BAL applied in this manner 
was 3.2 mM./kgm. Deaths occurred in a few' hours and were preceded by 
clonic and tonic convul.sions. There were no severe symptoms except in the 
lethal dose ranges. The- local effects on the skin w'ere much less severe than by 
the cuff method and showed only moderate edema, induration and redness which 
disappeared in the course of a few' days in those animals which survived. The 
ratio of the LD50 bj' this method to that obtained by intramuscular injection in 
the same species gave an idea of the relative rate of absorption through the skin. 
Information W'as also obtained concerning the local toxic effects on the skin. 
Certain difficulties are inherent in this method of obtaining an LD50. Although 
it is possible to apply a volume as large as 10 cc. by prolonging the period of inunc- 
tion, several of the liquids did not kill even at this dose. The majority of the 
solid preparations were not sufficiently soluble to incorporate a lethal dose in 
10 cc. Therefore, the values given in table 1 for the LD50 by skin absorption, 
except for BAL and Nos. 6 ond 23, should be considered as approximate. 

It is seen from table 1 that all the compoimds tested by skin inunction, e.xcept 
No. 17, had a larger LD50 than BAL. Compounds 1, 3, 6 and 9 had moderate 
or severe local toxic effects to the intact skin. The ethj'l ether of BAL (No. 10) 
caused a unique train of symptoms. About one-half hour after application the 
animals salivated profusely and had rapid forceful respirations. In about an 
hour the animals developed a tonic spasm of the extensor muscles of the neck and 
back with a rigid extension of the forelegs. At this time there was still profuse 
salivation along with clonic contractions of the jaw' muscles. The spasm of neck 
and back muscles finally proceeded to the point where the animals fell backwards. 
This phase of the convulsions w as follow cd b}' w eak clonic twitches and then by a 
marked weakness of all muscles. Death occurred within 2 to 3 hours. These 
sj-mptoms were noticed even in nonlcthal doses, for example, l.C mM./kgm. 
Tlie local effects were limited to a slight redness of the skin. 

The derivatives of BAL tested b 3 ' skin absorption consist of tliree tj'pes: 
(Nos. 0 and 24 c.xccpfed since thej' are of quite different chemical nature.) (a) 
Tiiosc with one or both SH groups modified but retaining the free OH group 
(Nos 1, 3, 0 and 14); (b) those retaining both free SH groups but with the first 
carbon radically altered (Nos. 4, 9, 15 and IS); and (c) those retaining bolli free 
SH groups but with tlie first carbon only slightly altered (Nos. 17 and 23). 



24 


nTZHTJGH, WOODAIUJ, BKArX, LUSKl’ AXD CALVERT 


TABLE 1 


Toxicity of BAL and related compounds 


NO. 


CONCEN- 

INTXAJIUSCULAH 

ToxiaTY LDSO 

Toxicixy 
BY INUNC' 

XATIO 

SKINLDSO, 

INTRA- 

MUSCU1A5 

LD5a- 

3UBBrrs 

f lOCAL TOXIC 
rmersTo 

NAME OP COMPOUND 

TJtATION 




SXINOT 

XABBITS 





isn 

nii 

m 




mlf./ 

hgm. 

ml/./ 

kgm 

mM./igm. 



1 

N-methylol-diethanolamine ad- 

* 


2.0 

>12 

>6 

Moderate 


dition produet ndth BAL 







2 

3,4-dimercaptobutanol 

2.0 


1.5 



Moderate 

3 

Bis-S (acetamidomethyl) ether of 

O.S 

1.4 

2.0 

>11 

>5.5 


BAL 







4 

2,3-dimeroaptopropyl urea j 

1.0 

1.3 

0.96 

6.5 

6.6 

None 

5 

Bis-S (N -ethyl acetamidomethyl) i 




>9.5 


Mid 


ether of BAL ! 


fli 





6 

Dimethylamino methyl dimethyl 



1.1 

4.3 

3.9 

Severe 


dithiocarbaznate 







B 

Diethanol-ammonium 1,2-dithio- 







H 

glycerol 

1 






Bi 

S (methj’l glucaminomethyl) ether 

i 0.44 i 


1 





of 1,2-dithioglycerol 


1.0 




Severe 


N (2,3-dimercaptopropyl) car- 

O.S 1 


1.0 

18 

18 


hamate 

i 


1 





2,3-dimeroaptopropyl ethyl ether 

1.30 

1.0 

1.0 

4.9 

4.9 

None 



0.65 1 

1 


1 




Methyl glucammonium 1,2-di- 

0.40 

1.0 






thioglycerol 








S (diethanol aminomethyl) ether 

0.63 

1.0 






of 1,2-dithioglycerol 



1 



Mild 


BAL = 2,3-dimercaptopropanol 

1.6 

0.85 

0.8 

3.2 

4.0 


or 1,2-di thiogij'cerol 

1.6 

0.53t 







0.4 

0.79J 




1 

Mild 


Mono-S-acetomidomethyl ether 

2.0 


O.S 

13 

16.2 


Methyl 2,3-dimercaptopropionate 

0.5 

0.79 


10-15 

IS. 

None 


1 , 3-dithioglycerol 

1 1.60 

0.65 




1 

BQ 

2,3-dimercaptopropyl methyl 

' * 


0.62 

3 

4.7 

None 

W/M 

ether 








2,3-dimercapto propionic acid 

0.5 

0.6 


7.8 


None 

■El 

S(diethanolaminomethyl) ether of 

0.52 

0.6 






propane dithiol-1,3 







20 

S(methyl glucaminomethyl) ether 








of trithioglycerol 







21 

Propanedithiol-1,3 

1.84 

0.5 





22 

Propanedi thiol-1 , 2 

0.92 




13. 


23 

2,3-dimercaptopropyl ether 

0,5 


0.41 

5.4 

24 

Dithiobiuret 

0,5 

0.4 

0.68 

>7.4 

>12. 

None 

25 

2,3-dimercaptopropyl chloride 

0.35 






26 

Mi,\ture of 1 ,2 and 1 , 3-dithioglyc- 

1.6 







erols 







2T 

Propanetrithiol-1 , 2-3 

0.5 




— 


* Pure material used. 

■f Intravenous dose, 
i Intraperitoneal dose. 
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1, 3, 6 and 9 in the table) showed moderate to severe local sldn effects. In a tojdc 
dose the ethyl ether of BAL produced a niunber of striking symptoms in Tab- 
bits. 

3. Of 15 compounds related to BAL tested for local eye irritation, 2 '(Nos. 18 
and 25) were severe irritants, and 2 (Nos. 2 and 26) were more irritant in a 2.0 
molar concentration than an equimolar concentration of BAL. 

4. In lewisite bums of the rabbit eye only 3 compoimds gave evidence of effect- 
iveness comparable to BAL. After an exposure of 30 seconds to le\visite, number 
2 in the table in a 0.5 molar solution in ethylene glycol was as effective as BAL. 
Compounds No. 7 and 11 were as efficient as BAL when the exposure time was 
10 seconds or when they were used in aqueous solutions and the exposure was for 
30 seconds. 

6, In lewisite burns of the rabbit skin Nos. 1, 2, 9, 14, 16, 18, 23 and 26 were 
approximately as effective as BAL; Nos. 3, 4, 5, 7, 10, 15, 17, 20 and 22 were 
beneficial but less effective than BAL; Nos. 21 and 24 had no beneficial effect: and 
No. 25 was deleterious. 
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Changes in structure of either t3T3e (a) or (b) have been accompanied by con- 
siderable loss of ability to penetrate the intact skin whereas changes of type 
(c) have had little effect on absorption. 

C. IiOCAii TOxiciTT TO THE EYE OF THE BABBIT. By comparing their effects 
with BAL some of the thiols listed in table 1 were tested for local toxicity in the 
eye. The test materials were made up in equimola’- solutions in ethylene glycol. 
To one eye of a rabbit weighing from 1.8 to 3 kgm. 0.1 cc, of the test solution was 
added and to the other the same amount of BAL or of another preparation*. This 
procedure was repeated on other rabbits until 8 to 12 eyes were treated with each 
material. After 24 hours the eyes were examined for injury and a comparison 
was made of the effects of each material with that of the BAL standard. Of the 
compounds listed in table 1 and tested for local irritation in the rabbit’s eye num- 
bers IS and 25 were found to be severe irritants. Numbers 2 and 26 were more 
irritating in a 2.0 molar concentration than an equimolar concentration of BAL, 
but in more dilute concentrations this difference was not marked. The other 
compoimds tested (Nos. 5, 7, 8, 9, 10, 11, 12, 14, 16, 17 and 19) were about as 
irritating as BAL in equimolar concentrations. 

D. Note on Thebapeutic EmciENcr. Most of the compounds listed in 
table 1 were compared with BAL for their therapeutic effectiveness in the treat- 
ment of lewisite lesions of the eyes and/or of the skin of rabbits. For the lewisite 
lesions in the eyes only two derivatives, numbers 2 and 24 of table 1, approached 
BAL in effectiveness when the solvent for the compound was ethylene glycol and 
when the time of exposure to lewisite vapor at 22° C. was 30 seconds. The most 
striking way in which the majority of these compounds differed from BAL was in 
their failure to afford complete protection to the iris which, in nearly every case, 
showed damage almost equal to that fouud in eyes exposed to lewisite and then 
left imtreated. When the time of exposure to lewisite was only 10 seconds, the 
two ammonium salts, numbers 7 and 11, appeared to be equal to the BAL stand- 
ard. There was a striking increase in effectiveness of these two ammonium salts 
when they were made up in an aqueous solution. At a 30-second exposure to 
lewisite the aqueous solutions of numbers 7 and 11 were as effective for the 
treatment of the lesions as a similar solution of BAL. 

In the treatment of skin lesions' produced by lewisite the compounds numbered 
in table 1 as 1, 2, 9, 14, 16, 18, 23 and 26 were approximately as effective as BAL. 
Numers 3, 4, 5, 7, 10, 15, 17, 20 and 22 were very poor therapeutic agents. Un- 
treated lesions healed as soon or sooner than those treated with numbers 24 and 
25. 


SUlnWAKT AND CONCLUSIONS 

1, The intramuscular toxicities of BAL and 26 related compounds have been 
studied. The LD50’s varied from 0.3 to 2.0 mM./kgm. 

2. Of 13 compounds tested for toxicity by inunction into intact rabbit skm, 
only one, the methyl ether of BAL, w'as as toidc as BAL. Four compounds (Nos. 

s We are indebted to Dr. W. S. Lawrence for permission to include these data from 
his experiments. 
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Studies on the convuisant action of BAL. 1. Electroencephalographic 
studies.'^ Two rabbits were anaesthetized with nembutal and frontal and parietal 
leads were taken. The animals were injected intramuscularly with 0.3 and 0.8 
mM per kg. respectively of NDR 131, a compound producing coninilsive seizures 
similnr to those caused by BAL. When the comnilsions occurred, they were not 
preceded by increased cortical electrical activity nor was there post convulsive 
cortical depression. The only change in pattern was a progressive decrease in 
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cortical nctiruty beginning soon after injection. The experiments indicated that 
the convulsions were not of cortical origin. 

S. EJJccl of transedion of spinal cord. Section of the thoracic cord abolished 
conrulsivo movements of the hind legs of a rabbit injected with 1-3 dithiogh'- 
cerol. Tonic and clonic activity of the forelegs was uninhibited. 

’These experiments vcrc eonducted in conjunction with Dr, Leslie F. Kims of the De- 
p.irtmcnt of Pliysiologj’, Vale University School of Medicine. 















THE TOXICOLOGICAL ACTION OF 2,3-DIMERCAPTOPBOPANOL 

(BAL)> 

I^URLACHER, M.D., HENRY BUNTING, M.D., 
HAROLD E. HARRISON, M.D., NELSON K. ORDWAY, M.D. 
and WILHELM S. ALBRINK, Pn.D. 

From the Department of Pathology, Yale University School of Medicine 

The assignment of screening of pilot plant samples of BAL and analagous 
compounds for toxicity and therapeutic efficiency was given to project OEMcmr 
association with these routine tests, a few experiments were performed to 
elucidate the toxicological action of BAL in experimental animals. The results 
of these experiments are reported here. 

Materials. Twenty-eight different preparations of BAL and 47 compounds 
^alagous to BAL, prepared under the direction of Dr. W. A. Lazier of the E. I. 
DuPont de Nemoims R.ese^ch Laboratorj% were tested for toxicity and thera- 
peutic efficacy against Levdsite skin bums. Only three were used in the studies 
on toxicological action reported here. The earliest experiments were done with 
the first American preparation of BAL, hereafter called PP,, a tox-ic sample with 
an LD 50 of 0.2 inM per kg. when injected intramuscularly into mice. The 
s udies on the effects of anaesthesia, transection of the spinal cord, and the elec- 
troencephalographic changes during convulsions were done with NDR 131, 1-3 
ffithioglycerol; this material had convulsant action and toxicity equal to PPi. 
The remaining studies w^ere carried out using A.R.S., a standard pooled sample 
of 10 pilot plant preparations of BAL with an LD 50 of 0.8 mM per kg. when in- 
jected intramuscularly, subcutaneously or intraperitonealh'- into mice, rabbits, 
and rats. 

Symptoms of BAL poisoning. Following administration of toxic, sublethal 
doses of BAL to mice, rats, guinea-pigs, rabbits, and dogs there is an initial 
period of apathy accompamed by lacrimation, blepharospasm and edema of the 
conjunctiva. Dogs salivate and frequently retch and vomit. These symptoms 
may regress and leave no residual findings. With large doses there are, in ad- 
dition, muscle tremors which gradually increase in intensity; the animals lose 
coordination and soon generalized tonic and clonic convulsions occur. Onlj' 
a rare ammal recovers from the convulsion stage; the usual course is character- 
ized by an increase of depth and rate of respiration, rapid thready pulse, nystag- 
mus, coma alternating with repeated convulsions, and death. 

Effect on the vascular system. An earl3’' transient rise in blood pressure 
is occasionally seen but animals recei\'ing lethal amounts of BAL all exhibit 
preterminall}'^ signs of peripheral vascular collapse as evidenced b3' rapid pulse, 
hsTiotension and increase of packed cell volume (table 1 ). 

■ The work described in this paper was done under a contract recommended by the Com- 
mittee on ^ledieai Researeh between the Office of Scientific Research and Development and 
Yale Universitj' during the 3’ear3 1942 and 1943. 

28 



TOXICOLOGICAL ACTION OP 2,3-DIMERCAPTOPROPANOL 


31 


rabbits given 0.33 mM per kg. of PPi were anaesthetized for four hours and re- 
covered completely within fifteen hours. TJnanaesthetized rabbits given a simi- 
lar dose had succumbed within thirty minutes. Two rabbits given .66 nxM per 
kg. of PPi were not protected by anaesthesia, but the survival period was pro- 
longed to one and a half hours. 

Alterations op acid-base equilibrium, carbohydrate metabolism and 
LIVER composition. The results of determinations on five dogs following ad- 
ministration of lethal doses of ARS by various routes are recorded in table 1. 
The pH of the blood is reduced as is the plasma CO 2 content. From values for 
arterial plasma pH and CO 2 content the carbon dioxide tension and the bicarbon- 
ate content may be calculated by application of the Henderson Hasselbach 
equation. The values so obtained in four of these dogs have been plotted on 
triaxial coordinates (fig. 1) as described by Shock and Hastings (1) (2). The 
observed acidosis is attributable chiefly to accumulation of serum lactic acid; 
there is little loss of serum sodium in the one animal so studied. The urine re- 

TABLE 2 


The effect of BAL on liver composition and blood sugar 



INTEEVAt BETWEEK 
iNnuKtiscmAE 

DLOOD 

ElVEK 

CtYCOCEN 


UVEA* 


DOG KUUBEK 

IW/ECTtON OP 0 81 

mM BAtAg (100 

UGU /SG } AND 
SACKtfCCE 

WHEN 

SACXtftCED 

H*0 

Cl 

! Na 

K 

Normal 


mgffl. % 

60-100 

tm. % 

Variable 

tm. 

' 270-300 

! 10-12 

mil 

10-12 

mJf 

32-38 


30 min. 


5.82 

310 

10.5 

15.7 

34.4 


1 hr. 25 min. 

■ ifl 

1.03 

300 

15.1 

19.1 

25.7 

333 

2 hr. 10 min. 


1.03 

300 

16.0 

21.6 

22.8 

328 

4 hr. 20 min. 

20 

O.D 

367 

21.5 

30.0 

26.4 

287 

6 hr. 20 min. 


0.0 

421 

38.5 

48.7 

14,6 


• All values expressed per 100 grama of fat free dried tissue. 


mains free of acetone and diacetic acid. An early rise in blood sugar ac- 
companied by glycosuria is followed by preterminal hypoglycemia. There is a 
rise of serum amino nitrogen. 

Alterations of liver composition folloiving administration of BAL to five dogs 
are shown in table (2).’ Depletion of hepatic glycogen was complete when hypo- 
glycemia occurred. There was a marked decrease of potassium and an increase 
in concentration of chloride and sodium. Despite these extreme changes in the 
liver electrolyte pattern no histological evidence of hepatic cell necrosis was 
found. 

Discussion. Convulsions produced bj' BAL arc not the result of hypogly- 
cemia since they occur when the blood sugar is not reduced. Tliey are subcorti- 
cal in origin as shown by clectroencephalographic studies. Spinal section 
abolishes comnilsive action in the denervated e.xtremities indicating that con- 

« These detcrminiitions were made by Dr. Daniel C. Darrow of the Dept, of Pediatrics 
Yale University Bchool of Medicine, by methods already published (4). ’ 
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Fig. 1. Values for arterial plasma pH, of plasma COj tension, and bicarbonate are plotted 
according to the method of Shock and Hastings (IJ (2). The range of normal values (3. 
are indicated by the small shaded hexagon. Elapsed time between the administration of 
BAL and the time that the samples of arterial blood were withdraw'n are charted below 
(For additional data on these dogs see table 1.) 


Do! fSIS Dos StSI Dos ftS7 Dos flU 

Sample 1 Control Control Control Control 

Sample 2. 35 min. 23 min. 1 hr. 10 min. 10 min. 

Sample 3. 2 hr. 55 min. 50 rain 2 hr. 20 min. 1 hr. 10 min. 

Sample 4 4 hr. 20 min 1 hr. 45 min 4 hr. 10 min. 2 hr. 45 min. 

Sample 5 . 3 hr. 20 mm. G hr. 5 hr. 15 min. 


S. Effect of anaesthesia. !^bbits it ere anaesthetized n ith intravenous sodium 
pentobarbital and subsequently injected intramuscularly tvith PPj. Sodium 
pentobarbital injections were repeated as necessary to control convulsions. Two 







TOXICITY OF 2,3-DIMERCAPTOPROPANOL (BAL) IN CATS' 

WALTER MODELL, MAYNARD B. CHENOWETH and STEPHEN KROP« 
Deparlmml of Pharmacology, Cornell University Medical College 

A detaDed investigation, of the toxicity and behavior of BAL in the cat was 
carried out in our laboratory. This report presents an account of these experi- 
ments. 

Signs and symptoms. The effect of BAL in the normal cat was studied in 
detail in 33 animals after a total of 173 intravenous injections of doses vaiying 
from 0.005 to 0.03 cc. per Kg.® The compound was injected undiluted, in pure 
propylene glycol, or in saline, in the solutions usually of 1 per cent. The smallest 
dose which produced visible effects gave rise to signs referable to the eyes and 
salivary glands, blinking, lacrimation, salivation. These developed within about 
10 minutes. They progressed and within half an hour there was slight edema of 
the conjunctiva with congestion. These symptoms subsided within 1 to 2 hours. 
The minimal doses produced no evidence of other systemic reactions. The fore- 
going symptoms were intensified and others were added after larger doses. After 
a dose of 0.01 cc., the blinking developed within about 5 minutes, lacrimation and 
drooling of saliva within about 10 minutes, and blepharospasm with edema of the 
conjunctiva within 20 to 30 minutes. Urination almost invariably occurred 
within 10 to 40 minutes. The odor of BAL was detectable in the expired air 
uitliin 3 to 5 minutes. With this dose, which was twice as large, the s 3 Tnptoms 
lasted about twice as long, about 4 hours. 

After stUl larger doses, 0.02 cc., the above symptoms appeared in greater in- 
tensity and reached a peak in about an hour. Two new symptoms were pro- 
duced; marked ataxia, especially of the hind limbs; and, evidence of analgesia, 
60 that stepping on the tail failed to elicit response. The gait was staggering, 
wide-based, and the incoordinated movements of the hind limbs often caused the 
animal to fall. There was some hypere.\citability although convulsions could 
not be induced. The respiratoiy rate was increased. Even such advanced 
poisoning was reversible and witliin 4 to 5 hours all symptoms disappeared. 

Larger doses, 0.03 cc., frequently proved fatal. The latent period was shorter, 
sjTOptoms appearing within 2 to 10 minutes. They progressed more rapidly, 
the animal being unable to stand irithin 15 minutes. Rapid gasping respiration 
developed, often with loud rhonchi and frothy bloody sputum. Myoclonic 
coniTilsions appeared in from 20 to 30 minutes; these were frequently, although 
not always, associated with a fatal outcome. In 7 fatal cases following this dose, 
the average survival time uas 133 minutes. 

’ Tlie work described in this paper was done under contract, recommended by the Com- 
mittee on Medic'll Research, between the OOicc of Scientific Research and Development 
and the Cornell University Medical College. 

’ This study is part of a cooperative ina-csligation planned and carried out by McKeen 
Cattell, Harry Gold, and other workers in the Department of Pharmacology. The paper 
is published under the name of the chief collaborators. 

» All doses were given in terms of body weight, hence “per Kg.” will not be repeated. 
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visions are neither of spinal nor of peripheral origin. The exact site of origin of 
these convulsion has not been further elucidated. 

*^6 chnges in the constituents of the plasma and composition of the liver 
pro uce y SAL and reported here are similar to those pre\dousIy described in 
lemorr agio shock; namely, a rise in amino nitrogen concentration of serum 
( ), a rise m serum lactic acid (5), depletion of liver glycogen (6), and loss of 
hepatic potassium accompanied by a rise of hepatic sodium and chloride (7). 

lese c anges uhen foimd in states of shock have been attributed to inhibition 
0 epatic enzyme activitj’ secondarj’’ to reduced blood flow through the liver and 
resu tant auoxia (7). In BAL poisoning however the metabolic acidosis and 
c imges m ood glucose concentration occur before there is peripheral circulatorj’ 
CO apse (c . Dog ^251, table 1), indicating that these metabolic disturbances 
result from direct inliibition by BAL of liver enzjme systems (8). 

SUHniART AND CONCLUSIONS 

BAL is a toxic drug, producing lacrimation, salivation, vomiting, tremors, 
convu sions, coma, peripheral circulatorj’^ collapse and death in e.xperimental 
ammats. 

. convulsions foUowing BAL are not due to hypogljxemia and the raecha- 
msm of their production is not known. They maj-'be allei-iated by .anaesthesia 
mth sodium pentobarbital. 

Toxic doses of BAL produce a metabolic acidosis as indicated by diminished 
lood pH and CO 2 content and increased serum lactic acid .and amino nitrogen. 
The blood sugar rises initi.ally but faUs to hypoglycemic levels before death. 

iver glycogen content is reduced in BAL poisoning and the liver potassium is 
decreased with increase of the liver sodium and chloride. 
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respiration up to 222 a minute, followed by slow gasping respiration, loud rhonchi, 
and bloody frothy cough (pulmonary edema). Instead of the protracted con- 
\'ulsive state of BAL, the animal developed a state of catatonia, maintaining the 
position into which it was forced. The eye-signs and salivation characteristic 
of BAL were absent. 

Site of action producing lacriaiation and salivation. Since after in- 
travenous doses of 0.01 cc. of BAL, the odor of the drug is detectable in the ex- 
pired air, it seemed possible that the salivation (drooling) and eye-signs might 
be the result of a local action of BAL in the air rather than of a systemic action of 
BAL. Accordingly, in each of 2 cats, during local anesthesia, a tracheal cannula 
uas inserted in such a way as to divert the exhaled air from the mouth, nose, and 
face. After intravenous doses of 0.01 cc. of BAL, salivation, lacrimation, and 
blinking appeared in the usual time, and the intensity of effects were indistin- 
guishable from those seen in normal cats. It is clear, therefore, that the saliva- 
tion and eye-signs are the result or BAL acting through the circulation. 

The role of parasympathetic innen<'ation was studied in each of 3 cats. On 
alternate days the animals received a control intravenous dose of 0.01 cc. of BAL, 
and a similar dose of BAL preceded by an intravenous injection of 0.1 mg. of 
atTopine suilate. This dose oi atropine bad no effect on the blinking, biepbato- 
spasm and conjunctival edema produced by the BAL, but markedly reduced the 
salivation and lacrimation. A larger dose of atropine, 0.5 mg. (on the following 
day) prevented all salivation and lacrimation, but was still without influence on 
the other eye symptoms of BAL. The animal was found to be normally respon- 
sive to BAL on the day after the larger dose of atropine. These experiments 
indicate that parasympathetic innervation is necessary for the action of BAL on 
the salivary and lacrimal glands. They also indicate that the conjunctival edema 
and blepharospasm are independent of any BAL which might be e.xcreted in the 
tears. 

Respiration. BAL produces both stimulation and depression of respuation. 
There is stimulation with moderate doses and in the early phases of poisoning. 
Profound respiratoiy depression usually precedes death. In some cats the effect 
on respiration closely resembles that of nicotine; a short period of depression 
followed by acceleration; with successive injections the depression becomes pro- 
gressively greater while the acceleration phase gradually disappears. It has not 
been determined to what extent the respiratory changes are the result of direct 
action on respiration and indirect action through the changes in thecirculation. 

Circulation. The actions of BAL on the circulation are complex. Small 
doses produce a rise of the blood pressure while larger doses, a fall of the blood 
pressure to shock levels. The primarj' actions appear to involve a direct con- 
strictor action on the arterioles of the limbs and a direct capillarj' injurj’. The 
detailed analysis of the circulatorj' changes arc presented in another communica- 
tion (2). 

Effect on dlood pn .and COj co.mbinino power. The effect of BAL on the 
blood pH and COj combining power was tested in each of 3 cats after an intra- 
venous injection of 0 03 or 0 04 cc. These doses proved fatal in 53 to lOS 
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Toxicity of taeiods samples op BAL. Results in our laboratory are in line 
with those of other workers (1) showing that various of the early samples of BAL 
differed in toxicity. The results obtained in 46 cats vuth 3 samples of BAL are 
shown in log-dose mortality curves in figure 1. The intravenous LD50 dose of 
the American Reference Standard BAL in cats proved to be 0.032 cc. per Kg. 

Effect of injected iactic acid. The observation of Bunting, Ordarajs 
Harrison, Durlacher, and Albrink (referred to by Waters and Stock [1] )to the 
effect that toxic doses of BAL lead to the accumulation of lactic acid in the blood 
suggested the possibility that this might be responsible for the sjTnptoms of BAL 
poisoning. Accordingly, the effect of lactic acid injection was tested although 



Pig. 1. Log-dose-uobtalitt Cubtxs fob Thbee Spectmens of BAL 

Numbers at each point refer to number of animals. The mM may be converted into cc. 
by shifting decimal one place to the left. 

there may be differences between the effect of lactic acid gradually formed after 
BAL and that injected at one time. Each of 3 cats received an intravenous in- 
jection of 100, 200 and 300 mg. respectively, of lactic acid in physiologic salt 
solution. The smallest dose produced no visible effects. The largest dose 
proved fatal within less than 1 minute with molent myotonic and myoclonic 
convulsions. The 200 mg. dose proved fatal in 40 minutes with terminal con- 
vulsive movements. The train of symptoms following this dose showed points 
of similarity with those of BAL but the design was sufficiently different to make 
it improbable that lactic acid is the cause of the sjouptoms of BAL. Within 30 
seconds the cat collapsed, and later showed ataxia, twitching, markedly increased 
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counts an average increase of 38 per cent, and the non-protein nitrogen an average 
increase of 30 per cent (fig. 3). The cause of these changes remains unexplained. 
In view of the foregoing findings, it does not appear to be a matter of changes in 
blood concentration. 

Pathology, The lungs, heart, spleen, adrenals, liver, kidnej^s, and intestines 
were examined grossly and in many instances microscopically for structural 



Fio. 2. Effect of Pkotracted Daili Injections of BAL ox Weight of Cats 
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1 Ki. 3. Eifict of PnoTRKCTiD Daiev IxjEcnoxs of B.\B ox Blood Xon-mioteix 

Nitbogex of Cats 

changes icxviUing from single do=es of UAL as well as after long periods of re- 
peated do'-cs In inoLf oi'gans there were no conspicuous morphological cliange«. 
Kolaled instance-' of lulnilat degeneration in the kidnej-.s, and tliickening of (lie 
alveolar walK in the lungs after rciieatctl do-cs were oh'-er\c(l. It is difficult to 
lie eertam oS Wie relationship hetwcon the BAL and some of these i-olatecl 
inoiphologie.il ahnonnalities. Pulmonary edema with licmorrhagos throughout 
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!• observations were made and again during the peak of poison- 

mg (drooling, gasping respiration, convulsions). The pH of the blood was ob- 
ame y diluting the blood 5 times with neutral saline in which the glass elec- 
ro es 0 a Leeds and Northrop pH-meter had been previously immersed and 
over w 1 C a layer of mineral oil had been spread. In this way the blood was 
kept under oil, yet no oily film covered the electrodes. The CO- combining 
power was determined by the method of Van Slyke. Table 1 summarizes the 
resu ts. reduced the blood pH from the average control of about 7.53 to 

7.15, and the CO 2 combining poxver from an average control of 43.1 to 25.5 vol- 
um^per cent. Similar results have been obtained by Bunting et al Preferred to 
by Waters and Stock [1]). 

Effect of phoeonged adjonistration of BAL. This was studied in each 
of 6 cats wWch received an intravenous injection of 0.01 cc. daily for 17 injections 
over a period of 20 days. The cats were maintained in separate metabolism 
cages on a constant diet of dehydrated animal food and without restriction of 
vater. They were weighed at weekly intervals during the control period of 15 

TABLE 1 


Effect of BAL on pH of whole blood and COt combining poxoer of serum 


CAT. NO. 

nose 

pH 

CO| COUBININC POTVXfi, VOW. FS* CENT 

SU*''n*AL 

71UE 

Control 

After BAL 

Control 

Alter BAL 

Per cent 
cb&nge 

1 

cc./Ki. 



1 



ptin. 

68 

0.03 

7.63 

7.42 (31)t 

47.9 

30.3 (31)t 

-36.8 

91 

69 

0.04 


6.S (52) 

38.6* 

19.6* (44) 

-49.4 

1 53 

70 

0.03 

7.43 

7.20 (58) 

42.8* 

26.7* (58) 

-37.6 

lOS 


* These samples were kept overnight in the ice-box. 
1 Time in minutes alter the drug was given. 


days^ and the e.xperimental period of 20 days. Three blood specimens were 
studied in the control period and similarly during the period of treatment with 
the drug. The blood specimens were always taken 24 hours after the last in- 
jection. 

Fi^re 2 shoivs the weight changes of the animals during the course of tins 
experiment. There w'as a gradual decrease of weight of cats kept in small cages 
over a long period of time, the trend being essentially the same during the control 
and treatment periods. 

The results showed that prolonged admimstration of fairly large toxic doses of 
BAL produces no significant sustained changes in the red blood cell count, pro- 
thrombin time, hematrocrit, CO- combining power, blood glucose, and creatinine 
Absorption spectra of the final blood samples were negative for methcmoglobin. 
The urine was negative for glucose and showed only the occasional traces of al- 
bumin foimd in the control periods. 

However, the chronic e.xposure to BAL was not without some effect. The 
hemoglobin showed an average reduction of 15 per cent, the white blood cell 
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animals anesthetized with “Dial” in which BAL in doses of 0.15 to 0.30 cc. W'as 
applied to the whole ventral surface of the cat, only borderline effects were pro- 
duced as measured by the blood pressure, peripheral resistance and lymph pro- 
duction. 

The BAL applied directly to the skin caused local edema with injury of the 
capillaries as seen from the fact that an injection of 5 mg. of the blue dye “T- 
1824” given intravenously within a few minutes after the application of the BAL 
stained the area a deep blue. Although edema developed rapidly, there seemed 
to be no indication of sensory disturbances since the animal seemed to make no 
attempt to lick the area. It may be noted that the edematous area appeared to 
interfere with further absorption of the BAL since repeated applications to such 
an area failed to intensify the symptoms. 

Persistence of action. Attention has already been called to the fact that, 
within limits, poisoning by BAL seems to be completely reversible, that after 
about two-thirds of an average lethal dose (0.02 cc.) injected intravenously, which 
produces fairly advanced poisoning, effects, as judged by the general behavior 
of the animal, disappear within about 5 hours. The elimination of BAL is fairly 
rapid. Each of 6 cats which received a daily intravenous dose of about one- 
third of an average lethal dose (0.01 cc.) for 17 doses failed to show significant 
cumulation and all survived. However, the cat is unable to recover completely 
in 24 hours from twice that dose (0.02 cc.), and its repetition daily proved fatal 
in about a week. Additional information was obtained in the case of each of 2 
animals which received an intravenous dose of 0.01 cc. every hour. One died 
after 3 and the other after 5 doses, indicating that only a small part of the effect 
of such a dose (about one-third of the LDSO) disappears in one hour. IVhile 
in the majority of instances, recovery or death from BAL is fairly prompt, 
there are conditions of poisoning under which the fatal course is more pro- 
tracted, as was seen in the case of each of 2 animals which received an intra- 
venous injection of 0.005 cc. of BAL at half-hour intervals for 6 and 7 doses 
respectively ; one died 48 hours later, and the other in G days. In view of the 
more common experience indicating rapid elimination, these 2 cases suggest 
the persistence of an irreversible injur 3 ’ independent of the elimination of the 
drug. 


SUSIMAnY AND CONCLUSIONS 

1. The earliest external signs of B.4L poisoning in cats are blinking, blephar- 
ospasm, lacrimation, conjunctival edema, and salivation. Larger doses also 
produce ataxia, urination, and rcspiratorj’ stimulation. After fatal doses there 
IS added, respiratory depression, pulmonary edema, and convulsions. 

2. The intravenous LDSO dose of the American Reference Standard B.A.L in 
eats i.s 0.032 ec. per Kg. 

3. The odor of BAL appears in the expired air after intravenous injection. 

•1. Evidence is adduced indicating that the high blood lactic acid resulting from 
B.\L is proh.ably not the cau'c of the symptoms, that the eye-signs and salirmtion 
arc produced by the BAL in the circulation and not that in the expired air, that 
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the lungs ^^as a fairly common finding after severe poisoning; this was con- 
firmed both grossly and microscopically. It was more pronounced when un- 
diluted BAL was injected than after solutions in saline. 

Absorption fro.m skin. In view of the fact that the use of BAL as an antidote 
to lewisite poisoning requires its direct application to the skin, e.vperiments were 
carried out to test its absorption from the skin. Waters and Stock (1) referred 
to vaiious observations of Sulzberger, Baer, and Kanof, and those of Wilson and 
Talbot, which showed that absorption from the skin in man is veiy poor since an 
inunction of 1 cc of undiluted BAL or of 2 Gm. in a jell3' base produced no sys- 
temic effects. The laiger dose is about 10 times as large as the dose which was 
found to pi oduce sjmiptoms in man after intramuscular injection in another study 

(3). 


TABLE 2 


Symptoms resulting from the cutaneous application of BAL in unanesthetized cats 


CAT NO 

EIGHT 1 

DOSES OF BAL 

ESTIMATED \REA , 

SWPTOUS* 

Total 

Per l.i!o 

1 


tg i 

e< 

« 



216 

3 67 

0 179 

0 049 

25 

Mild 

216 

3 67 

0 546 

0 149 

300 

Severet 

217 

4 05 

0 119 

0 029 

25 

Slight 

218 

2 57 

0 179 

! 0 069 

25 

Mild 

219 

3 73 


0 109 

25 

Slight 

220 

2 76 1 


0 148 

45 

1 > 

221 

3 46 

0 446 1 

0 129 

25 

Mild 


* In indicating seventj of symptoms “slight” represents barely perceptible effects, 
such as minimal salivation and blepharospasm, “mild” indicates salivation, blepharo- 
spasm, lacrimation and slight afa\ia, “severe” the foregoing symptoms to a greater degree 
accompanied by convulsions 

f Died 5 hours after application following a period of sc\cre convulsions 

BAL was applied to the surface of the skin in each of C cats. The hair was 
closeb’ clipped over the ventral abdominal and thoracic regions, care being taken 
to avoid abiasion. With the cat tied on the animal board the undiluted BAL 
was applied and uniformly' distributed by' means of a glass rod over an area of 
about 25 cm=. in most cases, and in doses of from 1 to 5 times the intravenous 
LD50. The animal was leleased after an hour. The data aie summarized m 
table 2. It may be noted that BAL is absorbed w hen applied directly to the skin, 
but that only minimal effects lesult from even very large doses applied to an area 
of 25 cm=. The effects w ere usually- less than those produced by an intravenous 
injection of 0.005 cc. per Kg., indicating that the effective absorption is of the 
Older of 3 per cent or less under these conditions. The size of the skin area to 
which the B.AL is applied is of great importance, since a dose which produced 
only' a slight effect when applied to 45 cm=., proved fatal when applied to an area 
about 7 times as great. There is, however, great variation, and in 4 additional 
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animals anesthetized with "Dial” in which BAL in doses of 0.15 to 0.30 cc. was 
applied to the whole ventral surface of the cat, only borderline effects were pro- 
duced as measured by the blood pressure, peripheral resistance and lymph pro- 
duction. 

The BAL applied directly to the skin caused local edema with injury of the 
capillaries as seen from the fact that an injection of 5 mg. of the blue dye “T- 
1824” given intravenously within a few minutes after the application of the BAL 
stained the area a deep blue. Although edema developed rapidly, there seemed 
to he no indication of sensory disturbances since the animal seemed to make no 
attempt to lick the area. It may be noted that the edematous area appeared to 
interfere with further absorption of the BAL since repeated applications to such 
an area failed to intensify the symptoms. 

Pehsistence of action. Attention has already been called to the fact that, 
within limits, poisoning by BAL seems to be completely reversible, that after 
about two-thirds of an average lethal dose (0.02 cc.) injected intravenously, which 
produces fairly advanced poisoning, effects, as judged by the general behavior 
of the animal, disappear within about 5 hours. The elimination of BAL is fairly 
rapid. Each of 6 cats which received a daily intravenous dose of about one- 
third of an average lethal dose (0.01 cc.) for 17 doses failed to show significant 
cumulation and all survived. However, the cat is unable to recover completely 
m 24 hours from twice that dose (0.02 cc.), and its repetition daily proved fatal 
m about a week. Additional information was obtained in the case of each of 2 
animals which received an intravenous dose of 0.01 cc. every hour. One died 
after 3 and the other after 5 doses, indicating that only a small part of the effect 
of such a dose (about one-third of the LD50) disappears in one hour. BTiile 
in the majority of instances, recovery or death from BAL is fairly prompt, 
there are conditions of poisoning under which the fatal course is more pro- 
tracted, as was seen in the case of each of 2 animals which received an intra- 
venous injection of 0.005 cc. of BAL at half-hour intervals for 6 and 7 doses 
respectively; one died 48 hours later, and the other in 6 days. In view of the 
nnwe common e.xperience indicating rapid elimination, these 2 cases suggest 
the persistence of an irreversible injurj’’ independent of the elimination of the 
drug. 


SUMMARY and CONCLUSIONS 

1. The earliest external signs of BAL poisoning in cats are blinking, blephar- 
ospasm, lacrimation, conjunctival edema, and salivation. Larger doses also 
produce ata.xia, urination, and respiratory stimulation. After fatal doses there 
IS added, respiratory depression, pulmonary edema, and convulsions. 

2. The intravenous LD50 dose of the American Reference Standard BAL in 
cats is 0.032 cc. per Kg. 

3. The odor of BAL appears in the expired air after intravenous injection. 

4. Evidence is adduced indicating that the high blood lactic acid resulting from 
BAL is probably not the cause of the symptoms, that the eye-signs and salivation 
ore produced by the BAL in the circulation and not that in the expired air, that 
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the salivation and lacrimation requires the mediation of the parasjnnpathetic 
nervous S 5 ’stem, and that the conjunctival edema and blepharospasm are inde- 
pendent of BAL which might be excreted in the tears. 

5. An intravenous to.xic dose of BAL lowers the blood pH and CO 2 combining 
power. 

6. Prolonged daily administration of about one-third of the LD50 dose of BAL 
is without effect on the I'ed blood cell count, prothrombin time, hematocrit, 
CO 2 combining power, blood glucose, and creatinine. Such doses do not pro- 
duce methemoglobin. They give rise to no changes in the urine. However, they 
reduce the blood hemoglobin, increase the white cell count, and raise the blood 
non-protem nitrogen. 

7. The only unequivocal morphological effect of BAL injected intravenously is 
edema and petechial hemorrhages in the lungs. 

8. BAL is absorbed when applied directly to the intact skin, and although a 
fatal dose may be thus absorbed, the amount absorbed is usualb' quite small, 
variable, and depends on the size of the area of skin to which it is applied. The 
effective absorption is usually less than 3 per cent of the dose. 

9. The toxic actions of BAL are usually reversible. B.^-L is rapidb' eliminated; 
animals severely poisoned by about two-tliirds of an LD50 dose nia 3 ' be free of 
sjTOptoms within about 5 hours. Animals usuallj’ succumb to fatal doses within 
a few hours although occasionallj' a fatal course maj' be protracted for several 
days. 
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THE CARDIO-VASCULAR ACTIONS OF 2,3-DIiMERCAPTOPOPANOL 

(BAL)> 

MAYNARD B. CHENOWETH^ 

From Depariment of Pharmacology, Cornell Vnicersity Medical College, Keie Yorh 21, 

New York 

Early in fall of 1942 BAL was delivered to this laboratory for pharmacological 
investigation. BAL possesses a number of pharmacological actions of varying 
degrees of importance. The general response of animals to BAL and the toxicity 
data will be reported separatelj' (1). It soon became apparent that the most 
important systemic actions of BAL were exerted on the central nen-ous 
and the cardiovascular sj'stems. Stimulation of the nenmus system can 
be suppressed by barbiturates although there is but little protection against 
death. During routine examination of anesthetized cats it was obseiwed that 
the arterial pressure regularly fell to shock levels following the injection of BAL. 
Ko erddence was elicited that death was the result of an3' action on the nervous 
system. Because of the presence of such a pronounced effect upon the circula- 
tory system the detailed investigation described in the present communication 
was undertaken. 

SYSTE^^c AETERUL PRESSURE. The effect of intravenous injections of BAL 
on the systemic arterial blood pressure was determined in 45 cats, 5 under local 
anesthesia and 40 under anesthesia induced bj' various barbiturates,® and oc- 
casionallj' ether. Blood pressure was recorded from a carotid arterj’’ with a 
Hurthle manometer on a smoked drum. Chlorazol pink (2) was usually em- 
ployed as an anti-coagulant in these and other experiments. BAL was in- 
jected as a one per cent solution in phj-siological saline. 

The results in anesthetized and unanesthetized animals were essentiall}’' the 
same. Single doses of BAL sufficient to cause a change in the blood pressure in- 
variablj^ depressed it. The usual result was an abrupt fall of the pressure im- 
mediatelj^ after the injection, with a rapid return toward, but not usuaUj' to, 
the control level. A secondarj’’ decline in pressure then set in which in the course 
of an hour reduced the pressure to 50 nun. of Hg or less. This lasted for another 
hour more or less before recovery or death supervened. In general, the rate and 
degree of depression of the blood pressure were related to the size of the dose. 
Approximately fortj' per cent of the LD50 (0.10 mM/Kgm. of this sample of 

r The work described in this paper was done under contract, recommended by the com- 
mittee on Medical Research, between the Office of Scientific Research and Development 
and the Cornell University Medical College. 

" This study is part of a cooperative investigation planned and carried out by McKeen 
Cattell, Harry Gold, and other workers in the Department of Pharmacologj-. The 
paper is published under the name of the chief collaborators. 

’ Dial-Ciba (diallybarbituric acid, ethyl urethane, urethane solution) was used as the 
anesthetic in the majority of all experiments. Sodium amytai, sodium barbital and sodium 
pentobarbital nerc occasionally employed. 
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BAL) usually produced a moderate fall of pressure of the order of 20 mm. of 
Hg which persisted for 10 minutes or longer. A second similar dose reduced the 
pressure rather gradually to lower levels. The effect of two such doses at inter- 
vals of 10 or 1 5 minutes was essentially similar to a single dose of 80 per cent of the 
LD50 (0.20 mM/Kgm) given at one time. Kymographic records of such exper- 
iments are presented in figure 1. 

The character of both the immediate and the slow blood pressure changes was 
not influenced by bilateral vagotomy performed 24 hours prior to the injection of 



4 


V. 



Fig. 1. The Effect of Small (Upper Record) a.vd Large (Lower Record) Doses of 
BAL ON THE Arterial Blood Pressure of the Ca.t 


BAL, nor stimulation of the vagus during injection, while vagal slowng is normal 
during BAL into.xication. Although respiratory depression accompanies poison- 
ing, impaired ventilation likewise appears to e.xert little influence in BAL poison- 
ing for artificial respiration did not modify the response of the blood pressure to 
BAL. 

Electrocahdiogr-OI. The electrocardiogram (Lead II) was obtained in 
three anesthetized cats. Doses of BAL of approximately 40 per cent of the LD50 
were injected intravenously at inten'als of 10 to 15 minutes in total doses suffi- 
eient to produce marked respiratory distress. Several changes in the electro- 
cardiogram resulted, varj'ing in degree with the dose of BAL. Heart rate 
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changes were slight and varj’ing. Decrease in the R-wave voltage, deepening 
of the S-wave, elevation of the S-T segment, occasional ectopic beats, brief periods 
of ventricular tachycardia and lowering of the T-wave were observed at different 
times in the three cats. Figure 2 shows representative sections of typical trac- 
ings. Until excessively high doses (over 100 per cent of the LD50) were admin- 
istered the changes in the electrocardiogram were minimal in character and could 
veil be ascribed to increased irritability and diminution of the voltage complex 
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secondary to myocardial anoxia. Some direct action of BAL on the myocardium 
doubtless exists, but can not be responsible for the fall in blood pressure. 

PERiPHEintL RESISTANCE. The cause of the continued fall in blood pressure 
following large intravenous doses was the first object of inquiry. Because of the 
rapid fall of pressure it was throught that vaso-dilatation might be a factor. 
In order to study the peripheral resistance the principle employed by Bartlett (3) 
was utilized. A burette was connected by means of a centrally directed cannula 
to a side-branch of the femoral artery, usually the perineal artery. During the 
measurement of peripheral resistance a bull dog clamp was placed on the femoral 
artcrj' just cardiad to the side branch. The peripheral resistance was measured 
as the time in seconds required for 3 cc. of saline to enter the leg from the burette 
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under a constant pressure equal to the carotid artery pressure. A typical e.\'- 
periment performed on an anesthetized cat is presented in figure 3. As can he 
seen in this figure, the increase in peripheral resistance follon-ing the injection of 
BAL hecame so great that the inflow of saline was completely blocked. At the 
same time a marked and persistent fall in mean arterial pressure was recorded. 
Following the death of the animals a rapid fall in resistance toward normal levels 
occurred. This indicates that the mechanism of increased peripheral resistance 
is functional in character and not due to some adventitious mechanical blockage. 

A further series of experiments were carried out in an attempt to determine the 
primary site of action of BAL. Three cats were prepared by transecting the 
spinal cord at the C8 level, respiration being maintained artificially'. The same 



Fig. 3. The Effect of In'thavexous BAL on the Resist.vnce to Flow through the 

Femoral Artery 

Open circles, arterial pressure; solid circles, perfusion rate 

increase of peripheral resistance followed the intravenous injection of B.A.L in 
these animals as in normal animals. This indicated that the site of the mecha- 
nism involved in the production of the increased peripheral resistance does not 
involve the medullary’ vasomotor centers. 

Further light was thrown on the subject by' two similar e.xperiments one of 
which is presented graphically in figure 4. In these experiments both femoral 
arteries of a cat were cannulated and peripheral resistance was determined in- 
dependently in each leg by means of the Bartlett technique. One leg was per- 
fused with physiological saline and the other was perfused with B.4L, O.OS and 
0.05 per cent solution in the two experiments respectively in saline. In the case 
of the leg perfused with normal saline no increase in peripheral resistance was 
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detected but in the leg perfused with BAL-saline an increase rapidly developed to 
the point of complete obstruction. The figures in parentheses in figure 4 are the 
actual volumes of perfusates which were introduced. A striking reduction in 
flow resulted at first, followed by a return to normal. Continuation of the per- 
fusion resulted in a less marked increase in peripheral resistance, which again 
reverted to normal and was again followed by a relatively slight rise and fall in 
peripheral resistance. Presumably the reason for the return to normal during 
perfusion is that verj’’ small amounts of BAL-saline could be introduced during 
the period of maximum obstruction. That the action of BAL on the peripheral 
resistance is transitory is well demonstrated. During this period the systemic 
blood pressure was well maintained, a point which will be further considered be- 



Opposite leg (open circles), upper curve (triangles) arterial pressure 

low. Following the third rise in peripheral resistance a dose of approximately 
80 per cent of the LD50 (0.20 mhl/Kgm.) was injected in the jugular vein. A 
prompt increase in peripheral resistance to the point of complete obstruction in 
loth legs followed the injection. After the animal was killed v ith ether, the re- 
sistance returned to nearly normal levels. Taken in conjunction v, ith data on the 
isolated leg and spinal cat experiments these obsen-ations indicate that this 
action of BAL is e.xerted peripherally and not through central mediation.^ 

Limb volume. The only reasonable explanation for such a pronounced re- 
versible phenomena must be on the basis of a physiological mechanism and the 

* Dr. Philip Hitchcock v.hile n member of this Department carried on a series of experi- 
ments on the isohated cat leg nhich confirmed the results obtained in the intact animal. 
A separate report nail bo made upon this aspect of tlie study. 
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only important physiological cause of increased peripheral resistance is arteriolar 
constriction. If such were the case in BAL intoxication, a marked reduction in 
limb volume should be obsen'ed. Figure 5 presents the changes in volume of an 
intact cat’s leg enclosed in a water plethysmograph kept at a constant tempera- 
ture. Indices of peripheral resistance determined on the opposite leg by the usual 
method are also plotted on this figure. Following the injection of BAL a distinct 
decrease in leg volume paralleled the increase in peripheral resistance. As soon 
as peripheral resistance reached a high point the leg volume decreased sharply, 
providing further e\ddence of a marked arteriolar constriction. 

ARTEMonAR DIAMETER. In Order further to confirm this concept direct in- 
spection of the arterioles was carred out in 4 cats under anesthesia. In two of 



Fjo. 5. The Effect op BAL (0.02 cc.) on Leo Volusib 

The fall in the readings (solid circles) represents a decrease in leg volume. Open circles> 
perfusion rate (Bartlett technic) in opposite leg. 

these the carotid artery pressure was recorded. The sartorius muscle was freed 
along its length, mineral oil was liberally applied to prevent drying and a bent 
“Incite” (methyl methacrylate) rod with optically semi-finished ends was passed 
under the muscle with the flat end of the rod pressed gently against the muscle. 
Care was exercised to prevent undue stretching of the muscle. A moderately 
intense beam of light was focused on the free end of the rod and, due to the trans- 
mitting properties of “lucite,” the light followed the bend and passed perpendicu- 
larlj' through the muscle. Thus a strong, cool trans-illumination was obtained. 

Through a dissecting microscope a clear view of arterioles and the accompanj'- 
ing venules could be had in this manner. Control injections of epinephrine made 
into the jugular vein produced almost instantaneous constriction of the arteriole 
under inspection which rapidly diminished in diameter until it almost disappeared 
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from view. Similar injections of BAL in doses varying from 40 to 80 per cent of 
the LD50 produced an equivalent degree of arteriolar constriction, but differed 
from epinephrine in that a delay of 6 to 8 minutes preceded the onset of the con- 
striction. The constriction was preceded by the usual fall in systemic arterial 
pressure. 

Spianchnic CIRCULATION. I. Arterial. A fall of systemic arterial pressure 
in the presence of marked peripheral arteriolar constriction might occur were the 
splanchnic vascular bed to react to BAL to a much lesser degree than the periph- 
eral vascular bed, thus permitting pooling of blood. The Bartlett technique 
was applied to the superior mesenteric artery by cannulating a small side branch. 
The intravenous injection of 50 to 60 per cent of the LD50 dose of BAL produced 
no increase whatever in the resistance of the splanchnic bed, in fact, as illustrated 
in figure 6, there was a distinct decrease in splanchnic resistance in both of the two 



Fig. 6. The Effect of BAE (0.015 cc.) os the Pebfhsiok Rate through a Bbasch op 
THE Mesenteric Arterv (Lower Curve). Upper Curve Shows Changes in 
Arteriae Pressure 

cats studied. A parallel fall in blood pressure occurred. However, no marked 
degree of visceral congestion was observed, and this did not seem adequate to 
account for the fall in pressure. 

Splanchnic circulation. II. Venous. To establish the actual degree of 
pooling the portal v'ein pressure and the vena cai-al pressure were recorded simul- 
taneously nith the arterial pressure. Cannulae connected to a water manometer 
Were inserted into the splenic vein directed toward the Ih^er in 6 cats. Following 
the intravenous injection of 20 to 80 per cent of the LD50 a distinct rise in portal 
venous pressure was obsen’ed which lagged somewhat behind the falling carotid 
arterj' pressure. Furthermoie, the portal pressure reached a definite peak and 
then declined, although systemic arterial pressure continued at a low level. 
In two of these animals the vena caval pressure was measured similarly through 
a cannula introduced into a renal A-ein, the tip projecting into the vena cava- 
Buring the period of rising portal pressure there was a decline in vena cava pres- 




48 


MAYNARD B. CHENOWETH 


sure as well as the customary fall in systemic arterial pressure. Figure 7 presents 
a plot of the three pressures taken simultaneously in a cat. 

Were pooling of blood in the splanchnic areas of importance in the production 
of the fall of arterial pressure, the rise in portal vein pressure would be e.xpected 
to persist throughout the period of the depression of arterial pressure. That this 
is not the case is readily apparent. Therefore, although considerable pooling 
of blood in the \’iscera does occur, which may contribute in the fall in arterial 
pressme, it is unlikely that it is a primary factor, especially since the onset of 
increased portal venous pressure lags several minutes behind the falling arterial 
pressure. 

Intrahepatic PORT.4.L VEIN RESISTANCE. An increase in -hepatic resistance 
was considered as a possible factor in the production of increased portal vein pres- 



sure. The Bartlett technique was applied to the hepatic portal circulation of 
the cat but no change in hepatic resistance followed the injection of BAL. 
Similar results were obtained by Dr. Hitchcock with isolated, perfused rabbit 
liver. Therefore, venous constriction in the liver is not the cause of increased 
portal vein pressure. 

Blood volume. At this point the attack was shifted to a different aspect of 
the problem; the behaidor of the capillary bed. Earlier in the work a marked 
increase was observed in the cell volume of the blood as indicated by elevated 
hematocrit readings. At that time it was set aside as a logical consequence in 
such severely depressed animals poisoned with BAL. The phenomenon was rc- 
e.xammed in both intact and anesthetized animals. A study of hematocrit and 
hemoglobin changes in two unanesthetized cats is presented in figure 8. A rather 
high degree of hemoconcentration is revealed by the increase in cell volume and 
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hemoglobin levels following the injection of BAL. The control animal showed no 
significant change, despite the witlidrawal of blood, demonstrating that the effect 
is due to BAL. 

Changes in plasma and total blood volume are of considerable significance and 
therefore a more precise procedure was utilized. In a series of 4 experiments 
performed on anesthetized cats ("Dial”) 5 mgm./kgm. of the blue dye T-1824 
was injected intravenously and the concentration of the dye at regular intervals 
thereafter wms determined with a photo-electric colorimeter. Simultaneous de- 
terminations were made of the hematocrit level. The results of these deter- 
minations are of special interest and are tabulated below. (See table 1.) 
A graphic plot of a typical experiment is presented in figure 9. The blood vol- 
ume calculated on the basis of the hematocrit readings is found to decrease by 



I’lQ. 8 CaANQES IN Blood Concentka.tion in a Cat Injected wiTa 0 02 cc BAL 

The two upper curves represent the hematocrit and hemoglobin reading in the treated 
cat, and the two lower curves in the control animal. 

30 per cent, whereas if the calculation is based upon the changes in dye concentra- 
tion, the blood volume is found to increase by 27 per cent. This paradox is pre- 
sumably to be explained by the fact that the protein-dye complex, which is the 
form in which the dye exists in the plasma according to Rawson (4), escapes in 
large measure from the blood stream after poisoning by BAL. Since the dye is 
ordinarily non-diffusible, the entire protein-dye complex must pass out of the 
circulation, presumably through the capillaries. 

That such is the case is clearly evidenced by direct observation of an animal 
n hich has received 5 mgm./kgm, of the dye prior to an injection of BAL. During 
the periodbefore the injection of BAL the animal acquires a slate-gray coloration 
about the oral mucosa, nipples and sclerae. Within 15 to 30 minutes after the 
injection of BAL a striking change occurs. These areas become intense^’- and 
brilliantly blue, even the retina being deeply stained. 
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The increase in capillary permeability which follows the administration of 
BAL is evidently extreme for a state of shock produced by intestinal trauma re- 
sults in only slightlj’’ increased staining after T-1824. It may be assumed that 



Fig. 9. Effect of 0.20 mM (0.02 cc.) BAL on the Plasma Concentr.vtion op the “N’on- 
Diffusible” Dye, T-1824 and on the Per Ce.nt RBC in the Beood 


TABLE 1. 


Changes in cell volume and dye concentration in the blood of cats receiving a single 
intravenous infection of 0.S0 mM BAL 



1 CELL VOLUUE, % 

j COKCEJJTJlATTONOrDYElIC. PEElOOCC. 


Control 

After BAL 

Control 


144 

36 

45 


1 After BAL 

151 

16 

29 

9.6 


154 

42 

51 

10.5 

6.0 

155 

32 

54 

10.5 

1 7.3 

Average 

31.5 

44.8 

10.2 

7.1 

Percentage change 


-P27 


-30 


the changes obsen>'ed are the result of the direct action of BAL on the capillaries, 
apart from effects which may be secondar}- to other circulatory actions. 

Lymph phoductiox. In view of the evidence just presented that BAL causes 
a marked loss of plasma protein through the capillarj^ bed a series of experiments 
was performed in the cat to determine the effect of BAL injections on the pro- 
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duction of lympli. The earlier determinations were made upon the flow from the 
thoracic duct and later, upon the flow from the superior cervical channels. The 
technique was a modification of that employed by McCarrell (5). Following 
exposure of the lymphatic channel under investigation an amount of chlorazol 
pink sufiieient to prevent clotting of blood and lymph Avas injected intravenously. 
In the case of the superior cervical lymphatic channel the jaw of the animal was 
rhythmically opened and closed by an electric motor at the rate of 12 times per 
minute. In this manner a constant lymphatic flow was obtained. A cannula 
was inserted into the duct and tied in place. A system containing normal saline 
arranged to displace a more concentrated salt solution from a reservoir rvas con- 
nected to the cannula. A drop of this latter solution made an electrical contact 



Fig. 10. Ltmph Flow moM Thoracic Ltmph Duct following the Intravenous 

Injection of BAL 


and actuated a signal magnet recording on a kymograph. Five determinations 
« ere made on the thoracic duct flow and in all a marked increase in the lymph 
flow Avas obtained foUoAA’ing the intraA'-enous injection of BAL. A representative 
e.vperiment is charted in figure 10. EA’-en after a systemic blood pressure had 
fallen to shock levels Avith an attendant decrease in filtration pressuie the pro- 
duction of lymph AAas greater than during the control period. HoAveA'er, in Aueiv 
of the increased portal pressure also produced by BAL it aa as at first thought that 
the increase in lymph floAv from the thoracic duct might haA^e been due to the 
marked increase in filtration pressure. Hoaa eA-er, that this aa as not the cause aars 
established by the finding that the Ijunph floAV from the superior cerA'ical channels 
AAas equally affected. Figure 11 presents the results of such an e.xperiment. 
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Effect of MiNtrrE doses of BAL. I. Intravenous. As noted above the 
repeated administration of small doses of BAL did not cause a fall in arterial 



Fig. 11. Ltjiph Flow from Soperior Cervical Duct following tbe Intravenods 

Injection of BAL 



Fig. 12. Changes in the Arterial Pressure and Cervical Ltmpii Flow in a Cat 
Receiving LvTRAVE.vousLr Repeated S.vall Injections of BAL 

Towards the end of the experiment a large intravenous dose was given 

pressure although the3' produced other changes characteristic of BAL. The pro- 
duction of extreme vasoconstriction should ordinarilj' result in an elevation of 
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blood pressure. That this did not occur was probably the result of the markedly 
increased capillary permeability and the attendant reduction of blood volume. 
However, that it might be possible to dissociate to some degree these two actions 
of BAL is indicated by the earlier observation. To establish this point more 
adequately blood pressure changes were followed in 5 cats in which the usual dose 
(0.20 mM/kgm.) was given in 20 divided doses at intervals of from 5 to 10 min- 
utes. The blood pressure was well sustained in all but one animal and in all ex- 
ceeded the preinjection level at some time during the experiment. Figure 12 
presents such an e.xperiment, together with a record of the lymph flow from the 
superior cervucal channel. As can be seen from this figure, the lymph production 
increased well in ad^mnce of the decline in systemic arterial pressure. It is 
apparent that small doses of BAL may produce an arteriolar constriction which 
elevates the systemic blood pressure to a significant degree prior to the develop- 
ment of increased capillary permeability. As capillary permeability is increased 
with the continued administration of BAL there is a decline in the systemic ar- 
terial pressure despite the continuation of arteriolar constriction. 

Efirct of ssiALn doses of BAL. II. Percutaneous application. BAL was 
first used as a chemical and pharmacological skin decontaminating agent against 
arsenical vesicants in chemical warfare. The effect of BAL on the skin, per se, 
and its effectiveness for tWs and other purposesneed not enter into this discussion. 
It was of importance, however, to determine to w'hat degree the characteristic 
circulatory changes described above would develop following percutaneous ad- 
ministration of BAL. 

.Anesthetized cats were clipped over the entire ventral surface, including the 
tail, and BAL was applied evenly over this surface in doses varying from 1.50 
to 3.00 mM/kgm. In 4 cats, one of •which showed a slight temporary drop re- 
lated to the anesthesia, the arterial pressure w^as well maintained. In one of 
3 animals there was a slight increase in peripheral resistance as measured by the 
Bartlett technique. In two animals in which the lymph production was re- 
corded from the cer\'ical chaimels and two in ■which thoracic duct flow was re- 
corded there was a questionable increase in flow amounting to not more than 50 
per cent of the control values. In several animals injected -with T-1824 prior to 
the application of BAL evidence of severe capillary damage confined to the areas 
of BAL application was readily visible. In all the effects studied, however, it 
u as evident that even large doses of BAL applied to the skin have a very minor 
action in comparison ■\rith that observed following intravenous injection. 

Discussion. The experimental data presented above support the ^^ew that 
the major actions of BAL on the cardio-vascular system are twofold (6), a marked 
increase in permeability resulting from the action of BAL on the capillary wall 
and (2), a peripheral arteriolar constriction as the result of the action of BAL di- 
rectly on the arteriolar structures. A third factor, of a negative character, is 
the absence of vasoconstriction in the splanchnic arterioles. The various changes 
in the circulatory system 'wluch have been described are probably secondary to 
these three phenomena. 
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The clinical importance of an understanding of the toxic as well as the thera- 
peutic actions of such a useful drug as BAL is evident. Toxic manifestations 
following intramuscular injections of BAL in man have been described (6). 
In general, the cardiovascular changes are limited to the production of a transient 
hypertension, which presumably corresponds to the results described following 
small repeated intravenous doses or percutaneous administration in cats. 

From a pharmacodynamic point of view BAL presents a very interesting 
phenomenon. The action of potent vasoconstricting agents is customarily 
regarded as general throughout the vascular bed. BAL produces a decidedly 
atypical reaction in that peripheral arterioles are markedly constricted while 
splanchnic arterioles are unaffected. The action of BAL on the peripheral ar- 
terioles has been established to be on the arteriolar structure and it may be as- 
sumed that the sensitive component of the peripheral vessels is absent from the 
splanchnic vessel. 


SUMMARY 

1. BAL administered to cats by vein results in a fall of the systemic and pul- 
monaiy arterial pressure, a fall of the venous pressure, and a rise of the portal 
pressure. 

2. In very small repeated intravenous doses or by percutaneous application, 
BAL causes a rise in blood pressure. 

3. There is a marked rise in the peripheral resistance of the limb vessels during 
the period of falling blood pressure but none in the vessels of the liver or splanch- 
nic area. 

4. Following BAL the hematocrit reading is increased while at the same time 
the concentration of injected dye in the blood is reduced. This parado.xical 
result is probably due to the loss of the dye from the blood stream following BAL. 

5. BAL resulted in a marked increase in the rate of lymph flow from the thor- 
acic and cervical ducts. 

6. It is concluded from these e-xperiments that BAL has a primary action 
resulting in a reversible constriction of certain peripheral arterioles. This action 
is reflected in a rise in blood pressure from small doses. Larger doses result in 
capillary damage and the development of the signs of peripheral vascular fail- 
ure. The other changes obsen'ed are probably secondary to these two main 
actions. 
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EFFECT OF DITHIOLS AND OTHER ENZYME INHIBITORS 
ON BLOOD VISSELS' 

PHILIP HITCHCOCK* 

Department of Pharmacology, Cornell University Medical College 

In a studjf of the pharmacology of BAL (2,3-dimercaptopropanol in the intact 
cat, it Avas found to produce a complex group of changes in the circulation involv- 
ing a rise of the blood pressure with minute doses, but with larger doses a fall to 
shock levels. It was found that these represent a direct arterial constrictor 
action as well as a direct toxic injuiy of the capillaries (1). It was also observed 
in the intact animal that the constrictor response of the femoral artery was not 
shared by the mesenteric artery. 

A series of experiments has been carried out to e.xplore further the action of the 
dithiols on blood vessels, and, in \dew of the fact that BAL interferes with enzyme 
functions (2), to compare their actions with those of other enzyme inhibitors 
in isolated perfused organs. The results form the subject of the present report. 

Method. The organ was perfused by a modification of the method of Katz, Paine, and 
Tiller (3), This method involves an almost constant flow, variation in resistance being 
shown by a change in perfusion pressure. The inlet arm was provided with a stop-cock to 
which two Marriott bottles were connected, one containing the drug and the other, the 
control perfusion fluid. The rate of flow was adjusted to a pressure of from 10 to 15 cm. 
by means of the stop-cock. The perfusion fluid was usually a buffered Ringer's solution 
with a pH of 7 2. In a few cases it contained acacia or cat’s blood. 

The organs perfused were the hind limb (cat), liver (cat, rabbit), kidney (cat), and heart 
(cat). 

The agents used were the dithiols, 2,3-dimercaptopropanol (133), hexanedithiol-1,6 
(139), 2, 3-dimeroaptopropyl ethyl ether (293); sodium cyanide; sodium azide; sodium malo- 
nate; sodium iodoacetate; sodium fluoride; and sodium arsenite. 

When a change in resistance to flow failed to occur, the responsiveness of the vessels was 
tested by epinephrine. That an increase in resistance to flow was due to constriction rather 
than to edema was indicated by the fact that the plethysmograph showed a reduction in 
volume and further by the fact that the resistance fell off as the preparation deteriorated. 
The same was observed in the intact animal after death. 

Resui/ts. Several typical e.xperiments have been charted for illustration. 
Figure 1 shows the effect of BAL perfused through the isolated rabbit’s liver. 
There is no significant change in resistance. 

Figure 2 shows the marked increase inresistancewhen BAL is perfused through 
the isolated cat’s limb. The effect can be reversed by tvashing out and then 
repeated. Repetitions do not yield equal constriction, the exact reason for which 
has not been established. 

‘ The work described in this paper was done under contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and 
the Cornell University Medical College. 

• This study is part of a cooperative investigation planned and carried out bj- McICeen 
Cattell, Harry Gold, and other workers in the Department of Pharmacologj'. The 
paper is published under the name of tlic chief collaborators. 
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to ^33, 139, 293, on the resistance 

floiv in the isolated cat’s lunb. It may be noted that 133 fBAL) produced a 




marked reversible constrictor action, while 139 and 293 produced a marked but 
irreversible constrictor action. 

Figure 4 compares the effects of 293, sodium cyanide, and sodium fluoride on 
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resistance in the isolated cat's limb. All three produced marked constriction, 
but only that of sodium fluoride was re%’-ersible. 



Fia, 3 



Tlic results of all 53 e\periments havebeen summarired in table 1. Blood ves- 
sels of different organs behave differently to enzyme inhibitors, BAL which is an 
intense constrictor of the femoral arterioles is without effect on the renal, hepatic 
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or coronary arterioles. Closely aUied compounds of ihe dithiol group e.\'ert 
different actions on the femoral arterioles; one produced a reversible constriction; 
and trvo others an irreversible constriction. While one dithiol was ivithout effect 
on the hepatic vessels, another caused constriction. Several other enzyme inhib- 
itors were found to produce irreversible constriction of the femoral arterioles, 
cyanide, azide, malonate, iodoacetate; some, reversible constriction (fluoride); 
still others, no effect (arsenite). Some factor other than simple anoxia appears 
to be responsible for the constrictor action as eiddenced by the absence of con- 
striction in the experiment performed with nitrogen replacing oxygen in the 

TABLE 1 


Effect of enzyme inhibitors on tiascular resistance in isolated perfused organs 


DEUO 

OSOAK 

NO. 0? 
Exirai- 
SCENTS 

CONCEVraATlOV 

IN- 

CKEASED 

XESIS- 

TANCE 

JtE' 

VTRSIBU: 

Dithiol-133 

Femoral — cat 

12 

0.0005 M-O.OOl M 



Dithiol-139 

Femoral — cat 

1 

0.001 M 



Dithiol-293 . ... 

Femoral — cat 

3 

0.001 M 



So(Iium cyanide 

Femoral — cat 

6 

0.001 M 



Sodium azide 

Femoral — cat 

1 

O.OWM 



Sodium malonate 

Femoral — cat 

1 

0.001 M 



Sodium iodoacetate . . 

Femoral — cat 

2 

0.001 M 



Sodium fluoride . 

Femoral — cat 

3 

0.004 M 



Sodium arsenite 

Femoral — cat 

2 

0.001 M 


rnfm 

Dithiol-133 

Portal — cat 

6 

0.0002 M-O.OOl M 

0 


DithioI-133 . 

Portal — rabbit 

6 

0.0002 M-O.OOl M 

0 

— 

DithioI-139 , 

Portal — rabbit 

1 

0.005 M 

■f 

+ 

Sodium cyanide 

Portal — rabbit 

1 

0.005 M 



Sodium fluoride . 

Portal — rabbit 

1 

0.005 M 

+ 

+ 

Sodium iodoacetate 

Portal — rabbit 

2 

0.005 M 

0 


X)jth]o]-133 

ludney — cat 

3 

0.001 M 

0 

- 

Dithiol-133 

Coronary — cat 

2 

0.001 M, 

0.005 M 

0 

— 

Nitrogen 

Femgral — cat 

1 


0 

- 


perfusion. The fact that the flow ceased completely during some of the per- 
fusions with BAL indicates that constriction occurred in the vessels of the skin 
as well as the muscles. 

CoimENTS. Chemical agents acting on the smooth muscle of the blood vessels 
fall, broadly speaking, into two classes, those in which the action is determined by 
nature of the nerve supply, and those in which the action is independent of the 
nature of the neiwe supply. Epinephrine is an e.xample of the first class. It 
constricts the skin vessels but dilates the coronary' vessels. It simulates, as is 
well known, electrical stimulation of the sympathetic nen'es. Pituitrin and the 
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nitrites are examples of the second class. Pituitrin constricts and the nitrites 
relax all blood v essels without regard to the innervation . There is evidence in the 
literature in relation to pituitary solution, that the intensity of its action is not 
the same on all blood vessels, but the evidence seems fairly satisfactory that all 
blood vessels are constricted by this material (4). Qualitative differences in the 
response of vessels from different organs are commonly assigned to differences in 
innen’ation. 

In the present experiments, evidence has been obtained which indicates that in 
the blood vessels of different organs, different chemical mechanisms operate, 
giving rise to qualitative differences in response to agents, quite apart from those 
related to the innervation. 

SUMMARY AND CONCLUSIONS 

1. In a series of perfusion experiments with isolated organs, several enzyme 
inhibitors were found to produce vascular constriction. 

2. The results show that vessels of different organs behave differently to var- 
ious enzyme inhibitors, and to closely allied members of the dithiol group. 

3. Evidence is presented to the effect that the vascular response of different 
organs to enzyme inhibitors shows qualitative differences without relation to the 
innen'ation. 
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THE ACTION OF 2.3-DIMERCAPTOPROPANOL (BAL) AND 
RELATED DITHIOLS ON THE ISOLATED SKELETAL 
muscle of the FROG' 

STEPHEN KROP».» 

Department of Pharmacology, Cornell University Medical College 

It has been demonstrated by several investigators that BAL inhibits the oxy- 
gen uptake when added to tissue slices. This was shown for liver slices and other 
tissues by Rhoads and Ivensler (1) and for bone marrow by Warren (2). In the 
present study corroborative evidence was sought through an investigation of the 
mfluence of BAL on the functional changes occurring in the isolated sartorius 
muscle of the frog. Tliis preparation has the advantage over tissue slices in the 
act that changes in oxygen utilization or lactic acid production may be correlated 
with the contractile response, and this provides a control against the possibility 
that a falling off in ox 3 ’'gen consumption might be related to non-specific cellular 
damage* 

Methods. For the measurement of oxygen uptake the myothermic technic of A. V. 
Hill, as empIo 3 'ed in other studies from this laboratory (3), was utilized. The experiments 
were carried out on the isolated frog (R, pipiens) double sartorius muscle preparations at 
21.5 C. After dissection, the muscles were mounted on a thermopile and soaked in phos- 
phate buffered (pH 7.3) oxygenated Ringer’s solution for about one hour, during which time 
the temperature of the thermopile and water bath, which was stirred by bubbling air, be- 
came stable. Then the Ringer’s solution was removed, 5 to 10 minutes were allowed to 
elapse for thermal equilibrium to be attained, and the heat measurements were carried out 
in an atmosphere of oxygen. Between single or groups of measurements, the muscle was 
reimmersed in the Ringer’s or BAL-Ringer’s solution. In most cases, the heat from 3 
twitches initiated by maximal break induction shocks delivered 1 second apart was re- 
corded as a single determination. However, in the case of large muscles, heat production 
from a single twitch was sufficiently great to allow accurate measurement. Simultaneously, 
t e tiWtch tension was recorded photographically. A high frequency’ oscillator was used 
in calibrating the muscle preparation for the determination of the initial heat. 

After a series of control twitches, the muscle was immersed in BAL of suitable concen- 
tration, freshlj dissolved, in Ringer’s solution for periods of 1 to 2 hours; exposures to BAL 
were repeated, in most cases, once or twice. 

The second group of experiments was carried out to determine the influence of BAL on 
the production of lactic acid. Two pairs of double frog sartorius muscles were isolated and 
immersed in 25 cc. oxygenated, phosphate buffered (pH 7.3) Ringer’s in separate chambers. 
They were stimulated by condenser discharges every half minute and the contractions were 
recorded on a k 5 ’'mograph. After a control period of 1 hour, BAL was added to one chamber 
to give the desired concentration and the experiment continued for from 4 to hours. 

. • * 

^ The work described in this paper was done under contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and 
the Cornell University Medical College. 

= Present address : Department of Pharmacolog}', Yale University Medical Scliool, New 
Haven. 

’ This study is part of a cooperative investigation planned and carried oufby JfcKecn 
Cattcll, Harrj- Gold, and other workers in the Department of Pharmacology. The paper 
is published under the name of the chief collaborators. 
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Before stimulation was begun, 1 to 2 co. samples of the Ringer’s n ere \\ithdrawn and diluted 
to 10 CO with 5 per cent trichloracetic acid for the lactate determinations. This procedure 
was repeated at i to 1 hour intervals thereafter throughout the experiment. In the major- 
ity of the experiments, the volume of Ringer’s solution removed was immediately replaced 
by an equal volume of fresh Ringer’s solution. At the end of the experiment, the muscles 
were pressed gently between filter papers and their “wet weight” obtained. The lactate 
determinations were carried out at the Memorial Hospital by C. J. Kensler. The p-hydro\y- 
diphenyl method as modified by Barker and Summerson was employed 


TABLE 1 


The effect of BAL on the heal production of contracting frog muscle 


EXPx , 1942 

BAL cove 

COVTBOt* 

ATTER BAL 

1st exposure 

2Dd exposure 

Dtlayed 
heat (vQitial 
heal = 100) 

Tune of 
exposure 

lavtial he&t 
m%of 
control 

Delated 
heat 
(initial 
heat “ 100) 

Time of 
exposure 

Initial beat 
in % of 
control 

Delaj cd 
heat 
(initial 
heat =* 100) 




— 



mtn 



11/10 

1-50QO 

92 

mm 

122 

34 

80 

108 

0 

11/12 

1:5000 

27 


89 

5 




11/11 

1-5000 

41 

115 

113 

18 

130 

105 

2 

11/18 

M/IOOO 

22 

90 

110 

22 




11/19 

M/1000 

79 

80 

115 

60 




11/20 

M/IOOO 

26(?) 

95 


9 

220 

74 

0 

11/23 

M/1000 

61+ 

95 

116 

31 

165 

108 

5 

11/24 

M/500 

63 

60 

113 

22 

120 

30 

15 

11/25 

M/500 

39 

60 

124(?) 

25 

120 

36 

2 

11/28 

M/500 

70 

70 


24 

135 

61 

20 

12/3 

M/1000 

102 

60 

103 

26 

105 

98 

33 

12/4 

M/1000 

83 

70 

145 

16 


99 

22 

12/8 

M/500 

86 

65 

146 

10 


96t 

19t 

12/9 

M/2000 

79 

200 

125 

47 




Average 

62.1 


116 

25.3 


■1 

13.5 


* All determinations based on heat from 1 to 3 twitches; if more than one twitch used, 
they were spaced 1 second apart. 

t After 1 hour washing and soaking with fresh Ringer’s following 65 minutes in BAL 
M/500. 

The muscles in experiments 12/3 and 12/4 were subjected to a third exposure to BAL, 
after which in both experiments the delayed heat fell to 8% of the initial heat. 


Results. The results dealing with the influence of BAL on the heat produc- 
tion of the frog’s sartorius muscle are summarized in table 1. In M/2000 to 
jM/ 500 concentration, BAL appreciably lowered or completely abolished the 
oxidative heat. In general this effect increased as the e.xposure time was in- 
creased. In 2 experiments, after the initial decrease, there was a small subse- 
quent change in the opposite direction, but this may not be significant. It 
should be noted that the measurements of delayed heat include a small amount 
of energy from anaerobic processes amounting to from 10 to 20 per cent in a series 
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of twitches (4). However, the evidence indicates that the percentage would he 
lower when fewer tuitches are involved as in the present experiment. Thus a 
small quantity must be subtracted from the measurements of delayed heat to 
obtain the true value of the heat due to oxidations. Thus the figures for the de- 
layed heat in the table probably signify complete inhibition of oxidation when 
they fall below about 10 per cent of the initial heat. 

During the first hour or two of exposure to the BAL solution there was in all 
but one instance an increase in the energy (initial heat) liberated during contrac- 
tion which in the 14 experiments listed in the table averaged 16 per cent. In 
those experiments in which the twitch tension was recorded there was a corres- 
ponding increase in the mechanical response, indicating that BAL did not in- 
fluence the “efficiency” of contraction. These changes are similar to those oc- 
curring when the muscle is placed in an environment of nitrogen and presumably 
have the same significance, viz., are characteristic of contraction under anaerobic 
conditions. After long e.xposure to BAL the twitch tension declines and the 
muscle finally becomes inexcitable. 

In M/500 concentration, BAL caused lactate to accumulate in the Einger’s 
solution surrounding the muscle in the presence of oxygen. The results of the 3 
experiments are presented graphically in figure 1. The results are expressed as 
gamma of lactic acid per gram of muscle in the surrounding Ringer’s solution, 
disregarding the water content of the muscle mass, which was small (166 mg. to 
330 mg.) compared with the volume of Ringer’s used (25 cc.). During the con- 
trol period, one out of six preparations showed a small gain in lactate; also, one 
showed a small lactate concentration prior to beginning of stimulation. It is 
clear that the lactate concentrations are increased and tend to reach a maximum 
•within 1 or 2 hours. In those experiments in which the muscles were continu- 
ously stimulated at the rate of twice a minute there was a gradual fall in twitch 
tension, sometimes preceded by a short period of augmentation. In two e.xpen- 
ments, lactate accumulation was quite pronounced at a time when the functional 
state of the muscle was good as reflected in a nearly normal twitch tension. In 
the single experiment performed at 16.5°C., the rate of lactate accumulation 
reached its maximum more slowly than did that of the other e.\'perimenfs at 
20.5°C. 

A few obsen'ations were made on the influence of two related dithiols, the ethyl 
ether of BAL and hexanedi thiol- 1,6, on the oxidative recovery' heat of frog 
muscle. The effects, summarized in table 2, are similar to those of BAL. 

Exposure for one hour to 0.001 and 0.005 M solutions resulted in inhibition of 
the oxidative recovery beat which was practically complete and there was no 
indication of reversal when the muscle was subsequently soaked in fresh Ringer e 
solution. The low values of the ratio, total heat/initial heat, after poisoning 
with these dithiols indicate that the total heat is little more than the sum of the 
initial and delayed anaerobic heats. 

The lack of reversibility of this action by' simple diffusion on soaking repeatedly 
and for prolonged periods suggests that if the action involves a union between 
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these substances and oxygen transport enzymes, its dissociation constant is very 
low. 

Various substances known to increase the O 2 consumption of tissues, such as 
menadione, succinate, fumarate and methylene blue, were employed in an en- 
deavor to prevent the changes caused by BAL, but without success. In these 
experiments the twitch tension of the double sartorius muscle of the frog in 
oxj'genated Ringer’s solution was recorded on smoked paper. Menadione in 
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TIME — HOURS 

Fig 1 Changes in the Lactate Concentration in the LiaviD Surrohnoing 
Stimulated Sartorius Muscles 

M/500 BAL was introduced at 0 time in one of each of the three pairs of experiments, 
the other serving as a control. 


0 0001 M concentration did not reverse or prevent the fall in twitch tension re- 
sultmg from BAL 0.002 M; menadione in higher concentrations, 0.001 M, causes 
rigor and inexcitability. Similarly, methylene blue in 0.0001 M and 0.0002 M 
did not prevent the Ml in twitch tension after BAL 0 001 and 0.002 M. Methyl- 
ene blue alone m concentrations of M/1000 or higher was toxic, i.e., caused a fall 
in tnitcb tension 

The effects of succinate nere tested on the inhibition of the oxidation recovery 
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heat of frog muscle by BAL (see table 3). It will be noted that the results were 
aU negative, including one experiment with menadione and one with fumarate, 
thus substantiating the results outlined in the preceding section. 


TABLE 2 

The effect of the ethyl ether of BAL and hexanedithiol-1 ,6 on the oxidative recovery heat of the 
isolated frog’s sartorius muscle 


DATE 

DEUG 

CONC. 

UOlAl 


C HEAT IN PE 

After drug 

e CENT OF INTTIAI. HEAT 

After Ringer's soLf 

12/16/42 

Ethyl ether of BAL 

0.001 

97 




12/22/42 

Ethyl ether of BAL 

0.0005 

71 

13 (60) 



3/ 8/43 

Ethyl ether of BAL 


78 

14 (95) 



3/10/43 

Ethyl ether of BAL 


60 

21 (60) 

15 (ID 

11 (25) 

3/11/43 

Ethyl ether of BAL 

0.0005 

60 

10 (60) 

6 (1) 

5 (2}) 

3/12/43 

Hexanedithiol-1 , 6 

0.001 

66 

39 (60) 



3/16/43 

Hexanedithiol'1,6 

0.001 

98 





* Figures In parentheses indicate time of exposure in minutes', 
t Time of soaking in hours in parentheses. 


TABLE 3 


The influence of succinate, fumarate and menadione on oxidative recovery heat of muscles 

poisoned with BAL 


DATE 

1 

CONC. 

ANTACONIST, 

UOLAB 

OXIDATIVE HEAT* 

CONC. 

BAL, 

UOLAB 

OXlDATI\X HEAT* 

CONC. 

ANTAGONIST, 

UOLAB 

OXlDKTlVt BEAT* 

5/ 7/43 

80 

0.0035 sue- 

59 (1 hr.)t 







cinate 









103 (li hrs.) 

lilciw 

20 (55 min.) 

0.0035 sue- 

29 (55 min.) 







cinate 


5/14/43 

76 



iililin 

37 (60 min.) 

0.005 sue- 

31 (60 min.) 







cinate 


5/15/43 

90 



figein 

28 (45 rain.) 

0.002 sue- 

30 (50 mm.) 







cinate 

' 







0.002 fu- 

31 (45 min.) 







marate 


4/15/43 

52 

0.0001 

58 (47 min.) 


5 (40 rain.) 

0.0001 

3 (40 mm.) 



mena- 




mena- 




dionet 




dione 




• In per cent of initial heat. 

t Figures in parentheses indicate time of exposure. 

t Three additional experiments with menadione 0.001 M were inconclusive because it 
caused an irreversible shortening of the muscle. 

Discussion. The e.\periments confirm the inhibition of o.xidation in isolated 
tissues reported by others. It should be noted that the values for the delayed 
heat are lower in relation to the initial heat than v as the case in the experiments 
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of Hill (5) and in experiments from this laboratory (6) -where the two phases were 
found to be approximately equal. The control values for the initial heat in the 
present series of experiments are somewhat -i-ariable and average only 62 per cent 
of the initial heat. The reason for this is not clear, but is probably related to the 
condition of the frogs which are known to exhibit seasonal variations. For ex- 
ample, it was reported by Barger and Johnson (7) that a considerable proportion 
of frogs, caught in the spring and kept -svithout food, had gastrocnemi which did 
not break down glycogen -when contracting anaerobically- The fact that the 
control -smlues were low in the experiments here described does not detract from 
the significance of the inhibitory action of BAB. The reduction, and in most 
cases the complete abolition of the oxidative heat, and during the initial phases of 
poisoning, the augmentation of the twitch tension and initial heat indicate that 
BAL inhibits oxidative processes and thereby imposes essentially anaerobic con- 
ditions upon the muscle. Accumulation of lactate, normally removed by oxida- 
tive means, is chemical confirmation of the physical e-vidence of arrested oxida- 
tion. This is also indirect confirmation of the finding that in dogs blood lactate 
increases following BAL administration and indicates that the increased blood 
lactate in the intact animal is not a consequence of pulmonary edema or other 
mechanical factors of respiration, but rather a direct interference with cellular 
oxidation. Our experiments provide no information on the locus in the o.xygen 
(or hydrogen) transfer chain of reactions at which BAL exerts this inhibitory 
effect, other than that it apparently does not interfere with the series of reactions 
leading to the formation of lactic acid. The fact that oxidative recovery pro- 
cesses may be completely inhibited without interference with contractile func- 
tion (anaerobic) gives to the method a high degree of specificity not shared 
by other isolated tissue technics. 


SUMMABT 

In the isolated sartorius muscle of the frog BAL CM/2000 to M/SOO) caused a 
marked reduction or complete abolition of the oxidative heat associated with 
aerobic contraction. The initial heat and twitch tension were at first increased 
and later reduced, without significant change in “efficiency”. Lactate accumu- 
lated in the bath fluid. Similar changes were produced by two related dithiols, 
hexanedithiol-1 ,6 and the ethyl ether of BAL. Normal function was not re- 
stored by^ menadione, succinate, fumarate or methylene blue. 
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THE TREATMENT OF EXPERIMENTAL ARSENIC POISONING 
WITH THE DITHIOLS* 

WALTER F. RIKER’ 

From the Department of Pharmacology, Cornell University Medical College, New York St, 

New York 

The interaction of arsenic with the sulfhydiyl groups of protein has been well 
established (1, 2, 3, 4, 5, 6). Since the report of Voegtlin, Dyer, and Leonard in 
1923 (1), a number of sulfhydryl compounds have been tried in the treatment of 
arsenic poisoning, both experimentally and elinically. Glutathione, cysteine, 
thioglycollic acid, and sodium thiosulfate have all been extensively investigated 
(7, 8, 9, 10) ; none has proven an efficient antidote. 

In contrast to the above compounds, the dithiols as represented by 2,3- 
dimercaptopropanol (BAL), exhibit a far greater affinity for arsenic (11). When 
mixed with either inorganic or organic arsenic, the dithiols form a highly insoluble 
and'stable complex of dithioarsenite (12). It is this characteristic which makes 
for their efficient antidotal action in arsenic poisoning. 

The British investigators early pointed out the effectiveness of topically applied 
BAL in preventing systemic arsenic poisoning occurring after lewisite contamina- 
tion (11). As a result of this it became apparent that BAL might be utilized 
systemically for the treatment of arsenic poisoning in general. This possible 
application of the dithiols, however, w'as retarded by their toxicity. The experi- 
ments described herein were carried out in 1943 at a time when a thorough study 
of the pharmacology and toxicology of BAL and related dithiols had provided 
much needed information (11, 14, 15, 16). At this time Eagle reported that BAL 
was effective in the treatment of arsenic poisoning in rabbits (17). He found 
that all rabbits recovered from a lethal dose of phenyl arsenoxide after the ad- 
ministration of live per cent BAL in peanut oil by muscle. He further demon- 
strated that BAL was capable of increasing the rate and amount of arsenic excre- 
tion in these animals. 

This report deals with the antidotal efficacy of two dithiol compounds in the 
treatment of experimental arsenic poisoning in cats. The compounds studied 
were: BAL (2 ,3-dimercaptopropanol), and its ethyl ether (2 ,3-dimercaptopropyI 
ethyl ether). 

Systemic arsenic poisoning was produced in cats by the intravenous injection of 
mapharsen (phenyl arsenoxide HCI), in a dose of 8 mg. per kg., which was slightly 
in excess of the LD 100 dose for cats. The dithiol antidote was administered 
intramuscularly within a few minutes after the arsenic injection. 

» The work described in this paper was done under contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development 
and the Cornell University Medical College. 

* This study is part of a cooperative investigation planned and carried out by McKecn 
Cattell Harry Gold, and other workers in the Department of Pharmacology. The paper 
is published under the name of the chief collaborators. 
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Table 1 shows the resiilts obtained by BAL treatment of 16 cats acutely 
poisoned with arsenic. All of these animals were given a single intramuscular 
njection of two per cent BAL in cottonseed oil. The BAL dosage varied from 
0.01 mM per kg. to 0.20 mM per kg. The minimal dose of BAL affording com- 
plete protection in these cases was appro-rimately 0.02 mM per kg. The symp- 
toms of arsenic poisoning were negligible in the cats treated with the smaller 
doses of BAL; they were intensified and severe with the higher doses. Although 
ultimately providing complete protection, the larger BAL doses failed to alleviate 


TABLE 1 

Egecl of intramuscular BAL in oil on the toxicity of intravenous mapharsen in the cat 


NO OTCATS 

BAL 

PE* CENT MOETALITY 


4 

mif !lt 
\ 0 

100 

++++ 

4 


0 

-1-+++ 

2 


0 

-!-++ 

2 


0 

-1-+ 

2 

0 025 

0 

•4" 

1 

0 02 

0 


5 

O.OI 1 

iO 1 

++ 


l/cgcnd- + Depression, nausea 

-1-+ Vomiting, salivation, and lacrimation. 
-1— l--f Reflex hyperexcitabiUty 
-+-+++ Convulsion 


TABLE 2 


Effect of intramuscular BAL in saline on the toxicity of intravenous mapharsen in the cat 


•VO or CATS 

BAL 

1 AVESAGE SPSVIVAL 
TIME OP PATAtITXES 



4 

mil /kg 

0 

mtn 

99 

100 

-i-+++ 

6 

0.2 

24 hre. 

17 

+4' 4* -I- 

4 

0 18 (2)* 

287 

76 

-1-+++ 

2t 

0 18 (2) 

247 

100 

+-h-i+ 


Legend: Same as for table I. 

* Figures m parentheses indicate number of such doses given 
t These cats were poisoned nith 6 mg /kg. of mapharsen. 


symptoms and in fact contributed to them. The symptoms of BAL poisoning 
'till be described elsewhere (15), and it need only be noted here that they re- 
semble in many respects those resulting from arsenic. 

Table 2 gives the results of experiments on 12 cats treated \rith an aqueous 
solution of BAL. A t'vo per cent solution of BAL in saline was given by muscle 
immediately after the intravenous mapharsen. The doses are indicated in the 
table. The results in this series "cre neither as impressive nor as consistent as 
those obtained by treatment uith BAL in an oil medium. The mortality, ho"- 
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ever, was reduced to 17 per cent by the single administration of 0.2 mM per kg. of 
the aqueous BAL. Protection was further evidenced by the longer survival times 
of the treated animals. In view of the greater toxicity previously noted with the 
higher BAL doses, it is noteworthy that here therepetition of this relatively large 
dose served to increase rather than decrease the mortality. 

The superiority of the oil solution of BAL is probably due to a slower absorption 
which in turn would tend to decrease its toxicity and provide a more prolonged 
action. Furthermore, when BAL is suspended in an aqueous medium, it is less 
uniform and less stable. 

In a few experiments aqueous BAL administered to cats by vein, either before 
or after intravenous arsenic, failed to prevent a fatal outcome. The symptoms 
of poisoning were severe and death ensued more rapidly than with the arsenic 
alone. This is not surprising in view of the evidence that both agents are in- 
jurious to the capillaries. On this basis it is concluded that intravenous BAL 
would be unsuitable for clinical use. 

TABLE 3 


Effect of intramuscular BAL ether in oil on the toxicity of intravenous mapharsen in the cat 


NO or CATS 

1 

BAL £TEiz:s 

1 

AVEBACC SURVIVAL 

TME or lATAirms 




j ml/./Af. 




4 

0 


100 


7 


1 

0 

1 + 

10 

0.07 

408 

40 

+ 

3 

0.05 

132 

34 

-1-+ 

5 

0.035 

110 

60 

-f-b 

2 

0.018 

743 

100 

-f-b-f- 


IiCgend: Same as for table 1. 


These observations were extended to the use of the ethyl ether of BAL in the 
treatment of mapharsen poisoning in cats. Each of 27 cats received an intra- 
venous injection of 8 mg. per kg. of mapharsen. This was followed promptly by 
the intramuscular administration of a two per cent solution of the BAL ether 
dissolved in cottonseed oil. The results are shown in table 3. 

The doses employed ranged from 0.018 mM per kg. to 0.14 mM per kg. Pro- 
tection was apparent with aU but the smallest dose. Only the highest dose, how- 
ever, afforded complete protection. The symptoms of arsenic poisoning were 
minimal in all cases and significantly less than those seen in the BAL treated 
animals. The effects observed were blepharospasm, lacrimation, salivation, and 
signs of nausea. These were in evidence for from six to seven hours with complete 
recovery by the folloiving day. The more severe symptoms of hyperexcitabUity 
and convulsions, which were obseiv’ed frequently in the BAL treated cats, espe- 
cially with the larger doses, were never seen in the animals treated with the ethyl 

ether of BAL. _ 

It is concluded from these experiments that while on a molecular basis the nose 
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of the BAL ether necessary to save all cats poisoned with mapharsen, was five to 
seven times that of BAL, the accompanying symptoms were definitely less. It is 
noteworthy that although the dose of BAL ether was in the range of that which 
produced chronic toxicity in cats when given alone, such toxocity ivas never seen 
in the mapharsen poisoned animals. This suggests a mutual antagonism between 
these agents. 

In 1942 Kensler and Rhoads reported that the inunction of the ethyl ether of 
BAL was effective in protecting rabbits, dogs, and monkeys against the lethal 
effects of arsine inhalation (18). These findings ivere confirmed in the cat in 
experiments done in collaboration with hir. Kensler of the Memorial Hospital, 
New York City. 

A total of 13 cats were exposed for a 20 minute period to arsine gas in a chamber 



Each cross represents the death of an anima> 

which provided for a constant circulation of air and gas mixture. The concen- 
tration of arsine gas was 0.45 mg. per liter of air. Control hemoglobin determi- 
nations and red blood cell counts were made on each a nim al and repeated daily 
for at least one iveek. Seven of the animals were untreated after their removal 
from the chamber; the remaining six were treated with the ethyl ether of BAL 
applied to the skin. 

The results are shown in figure 1. In the untreated group five cats survived 
during an obseia'ation period of at least one week; two died within 24 hours after 
exposure. In the control animals a gross hemoglobinuria developed, and the 
average red cell count fell 63 per cent in 24 hours ; the average maximum reduction 
for the period was 75 per cent. The changes in the hemoglobin concentra- 
tion, (not shown in the figure), paralleled those of the red blood cell counts but 
were of less degree. 
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In the experimental group three cats were treated immediately after their re- 
moval from the chamber by the percutaneous application of the ethyl ether of 
BAL in a dose of 0.28, 0.35, and 0.41 mM respectivel3^ The same dose was re- 
peated four hours later. These animals aU survived and hemoglobinuria was 
not manifest. There was no fall in the red cell count or hemoglobin level until 
the third day in two of the cats and not until the fifth day in the other. 

The remaining three cats were treated in similar fashion with the exception that 
treatment was ■withheld until one hour after their removal from the chamber. 
The dosage of the BAL ether was increased to 0.41, 0.48, and 0.55 mM respec- 
tively in these cases. The ta’o smaller doses were repeated after a four hour 
interval. The cat that received the 0.55 mM dose manifested signs of dithiol 
toxicity and further treatment was not given. This animal died seven days later 
of inanition characteristic of chronic poisoning produced by this dithiol. The 
cat treated ■\vith the 0.48 mM dose died sLx days later of an upper respiratory in- 
fection and pneumonia. The other animal sundved and was entirely normal at 
the end of two weeks. Hemoglobinuria did not appear in these animals and there 
was no immediate fall in either the red cell count or hemoglobin level. As may be 
seen from the chart, hemolj'sis was largely inhibited and much more gradual than 
was the case in the controls. Similar results were obtained in three cats poisoned 
with arsine gas and treated with a single intramuscular injection of the BAL ether 
in cottonseed oil. 

In view of the striking protection afforded by the dithiols against arsenic poi- 
soning, it became of interest to determine the relative to.xicity of the dithioarse- 
nite complex formed in the course of the antagonism. The BAL dithioarsenite 
was prepared in ■vitro and administered to three cats intravenously in doses of 

0.02 mM, 0.06 mM, and 0.08 mM per kg. respectively. The doses represent one, 
three, and four times the LD 100 vein dose of mapharsen for the cat. All of the 
animals survived and symptoms of poisoning were manifest only in the cat re- 
ceiving the highest dose. From this it is evident that the dithioarsenite is rela- 
tively non-toxic in comparison to either mapharsen or BAL. 

The results of the experiments described in this report indicate the value and 
specificity of these dithiols in the treatment of acute arsenical poisoning. 

SUMMARV 

1. BAL given by muscle in cottonseed oil in suitable dosage provides complete 
protection to cats acutely poisoned with mapharsen. 

2. With higher doses of BAL protection is complete but signs of poisoning are 
intensified. 

3. BAL in oil is superior to BAL in saline as an antidote in mapharsen 
poisoning. 

4. The minimum effective dose of the ethyl ether of BAL providing complete 
protection to cats poisoned with mapharsen, is five to seven times that of BAL. 

5 Signs of poisoning were minimal in cats treated with the B.AL ether and 
significantly less than those occurring in the BAL treated animals. 
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6. The ethyl ether of BAL protects cats against the lethal action of arsine gas, 
and effectively diminishes the associated hemolytic effects. 

7. The intravenous administration of the dithioarsenite of BAL is relatively 
non-toxic to cats. 
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THE EFFECT OF 2 ,3-DIMERCAPTOPROPANOL (BAL) ON THE 
WHOLE BLOOD AN® PLASMA CONCENTRATION OF 
ARSENIC AFTER MAPHARSEN IN CATS* 

WALTER P. RIKER and GEORGE ROSENFELD* 

Department of Pharmacology, Cornell University Medical College 

The dithiol, 2 ,3-dimercaptopropanol (BAL), has been shown to be effective in 
the treatment of arsenic poisoning in cats, rabbits, and man (1, 2). Eagle has 
shown that the urinary excretion of arsenic in poisoned rabbits is greatly increased 
after the intramuscular administration of 5 per cent BAL in peanut oil (1). In a 
study carried out bj' the Cooperative Clinical Group it was found that the intra- 
muscular administration of BAL in peanut oil to patients ndtli various forms of 
arsenical poisoning produced a definite clinical improvement in the majority in a 
period shorter than usual, and facilitated the urinary excretion of arsenic (1). 
As a result of these studies it appears that BAL is capable of mobilizing tissue 
bound arsenic thereby promoting its excretion. 

The experiments described in this report were carried out in order to determine 
whether BAL actually effects a shift of arsenic from tissues to blood as reflected 
by the blood arsenic concentration. 

Methods. The e.xperiments were carried out on JO cats. Five animals were given a 
single intravenous dose of 3 mg. per kg. of mapharsen; whole blood and plasma arsenio 
levels were determined one minute after injection, and at hourly intervals therafter for as 
long as 6 hours. In one case a sample was drawn at 30 minutes and in another at 22 hours. 
-Six cats receiving a similar dose of mapharsen were given a subsequent intramuscular dose 
of 0.02 mM per kg. of BAL dissolved in cottonseed oil (1:50). The interval between the 
mapharsen administration and the BAL treatment was varied. In 3 of the 6 cats the B.AL 
was administered 4 hours after the mapliarsen and in the remaining 3 the BAL was injected 
after an interval of 18 hours. In all cases a blood sample for arsenic determination was 
drawn just prior to the BAL injection. 

The arsenic determinations were performed according to the method of Chaney and 
Magnuson (3). 

Results. The curve of the elimination of arsenic from the blood stream was 
plotted from the results obtained on 5 cats given a single intravenous dose of 
mapharsen. The results are shown in figure 1 . The curve of elimination shows 3 
phases. First there is a rapid fall in the arsenic concentration of both the whole 
blood and the plasma. Within less than 60 minutes there is a levelling off after 
which the curves decline gradually and diverge. The plasma arsenic falls more 
rapidly and reaches zero in 5 to G hours. The whole blood arsenic level is mam- 

'■ The work described in this paper was done under contract, recommended by the Com- 
mittee on Medical Rcsearcli, between the Offiee of Scientific Research and Development 
and the Cornell University Medical College. 

= This study is part of a cooperative investigation planned and carried out by Mclvcen 
Cattell Harry Gold, and other workers in the Department of Pharmacology. The paper 
is published under the names of the chief collaborators. 
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tamed at a relatively high level for at least 6 hours and possibly 22 hours, as 
found in one cat tested at this time. 

Within one minute after the injection the whole blood arsenic represented an 
average of about one-half of the amount injected; this was calculated on the basis 
of the blood volume being equal to 10 per cent of the body weight. At the end 
of 1 hour the blood contained 10 per cent of the injected dose. This is consistent 
ivith the assumption that at this time the arsenic is equally distributed between 
the blood and the rest of the tissues . However, the liklihood is that distribution 
takes place much faster; in one case in which a blood sample was analyzed 30 
minutes after the mapharsen injection the blood was calculated to contain 10 per 
cent of the total dose. 

The cun^s indicate clearly that arsenic is fixed in the cells, since the concen- 
tration in the whole blood is well sustained in contrast to its rapid disappearance 
from the plasma. The calculated arsenic content of the red cells based on an 
average hematocrit value of 40, is indicated in figure 1. 

The effect of BAL on the concentration of arsenic in the whole blood and 
plasma, studied in sLx cats is shown in figure 2. The results are uniform in 
demonstrating that after BAL treatment the concentration of arsenic in the whole 
blood and plasma is increased. Following the BAL injection there is a sharp 
rise in the arsenic content of the whole blood and plasma during the first hour. 
The whole blood arsenic level continues to rise more slowly during the second 
hour, and then declines rapidly, reaching a concentration approximately that of 
the control level in 4 hours. 

The effect of BAL on the plasma arsenic concentration can be seen from the 
figure to parallel the results obtained with the W'hole blood. However, if it is 
assumed that the increase in whole blood arsenic concentration is solely in the 
plasma fraction then the concentrations in the plasma should be 2 to 3 times those 
found. On the basis of the values obtained for plasma arsenic concentration, it 
would appear that the concentration of arsenic in the red cell is increased follow- 
ing BAL. This seemed improbable and suggested the possibility that the 
concentrations of arsenic found might not be truly representative of that in the 
plasma. The possibility was considered that the insoluble thio-arsenite of BAL 
might be partially throum down on centrifugation and thus give rise to a loner 
plasma arsenic concentration than actually exists. Direct evidence supporting 
this view was obtained by the folloning experiments carried out on blood samples 
from 2 cats which had previoush' received mapharsen and BAL. Each sample 
was divided into two parts, one of which was allowed to clot, and the other 
citrated and centrifuged. The concentration of arsenic in the serum (not 
centrifuged) was found to be approximately 3 times that of the plasma (centri- 
fuged). In another similar experiment the suspension of citrated red cells 
obtained by centrifugation and the precipitate at the bottom of the tube were 
analyzed separately. About 55 per cent of the total arsenic contained in the 
suspension w as recovered from the portion at the bottom layer which represented 
only 4 per cent of the total volume. It is evident from this that the increase in 
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iihole blood arsenic concentration folloiving BAL is essentially in the plasma 
fraction. 

The results are in accord with the concept that BAL effects a withdrawal of 
arsenic from the tissues. The elimination of the thio-arsenite complex from the 
blood probably takes place via the kidneys as has been reported for rabbits and 
man. Eagle has shown that the peak excretion of arsenic in the urine of rabbits 
poisoned uuth mapharsen and treated with BAL, occurs in from 2 to 4 hours after 
the injection of BAL (1). This agrees well with the time at which the maximal 
blood concentrations appeared in the cats, since a high level of arsenic was 
attained rvithin 1 hour after BAL and the peak was reached by the second hour. 

The dose of BAL administered to the cats in these experiments represented 50 
per cent more BAL than was necessary to combine with the entire mapharsen 
dose on a mole per mole basis. It seemed desirable therefore to determine 
whether a second dose of BAL could mobilize additional arsenic and reestablish 
a high level in the blood. Mapharsen was administered in doses of 3 mg. per kg. 
intravenously to each of 5 cats. A dose of BAL, 0.02 mM per kg., was given 
intramuscularly 4 hours later. This dose of BAL was repeated again 4 hours 
after the first in 3 animals and 24 hours after the first in the remaining 2. A 
control sample of blood was taken prior to the second BAL injection and samples 
nere drawn at hourly intervals thereafter. The arsenic concentration of the 
whole blood was determined. The results were uniform in showing that the 
second dose of BAL was rvithout effect on the concentration of arsenic in the 
whole blood. 

These results indicate that the first dose of BAL was sufficient to mobilize all 
of the available arsenic. From the therapeutic standpoint the failure to obtain 
a rise in the blood level of arsenic after a dose of BAL may serve as a guide to the 
inference that prerdous doses of BAL have been sufficient. 

SUMMARY 

1. The curv'e of the elimination of arsenic from the blood stream was deter- 
mined on 5 cats given a single intravenous dose of mapharsen. 

2. The plasma arsenic falls to 0 in 5 to 6 hours; the whole blood arsenic is 
maintained at least 6 hours and possibly 22 hours, indicating clearly the fi.xatioa 
of arsenic by the red cells. 

3. Six cats similarlj' poisoned were given a single intramuscular dose of BAL 
in oil, either 4 or 18 hours after the arsenical. 

4. The B.4.L dose effected a sharp rise in the whole blood and plasma arsenic 
concentrations. The peak effect was reached in 2 hours. 

5. The increased blood arsenic concentrations following BAL is essentially in 
the plasma fraction in accord uith the concept that BAL effects a mobilization 
of tissue arsenic. 
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POISONING PROM INHALATION OF THE VAPORS OF LEWISITE 
AND PHENYLDICHLORARSINE: ITS PATHOLOGY IN THE DOG 
AND TREATMENT WITH 2,3-DIMERCAPTOPROPANOL (BAL)‘ 

HAROLD E. HARRISON, iM.D., NELSON K. ORDWAY, iM.D., STANLEY H. 

DURLACHER, M.D., WILHELM S. ALBRINIC, Ph.D., and HENRY 
BUNTING, M.D. 

From the Deparlmenl of Pathology, Yale University School of Medicine 

In view of the effectiveness of 2,3-dimercaptopropanol in the prophylaxis and 
therapy of the systemic toxic effects of lewisite and phenyldichlorarsine following 
their application to the skin (1), the following series of experiments was under- 
taken to test its value in the treatment of dogs exposed to the vapors of these 
chemical warfare agents. Both of these compounds have an exceeding^ iow 
volatility and hence it is unlikely that lethal concentrations of their ■vapors 
would be attained imder combat conditions. The significance of the present 
study, in which 2 ,3-dimercaptopropanol was found to be efficacious, is, therefore, 
largely theoretical. 

Expebimental techniques. Lewisite (chlorvinyldichlorarsine) or phenyldicbiorar- 
sine, atomized in a nebulizer described and provided by the University of Chicago To.vicity 
Laboratory (2), was introduced at a constant rate into the intake of on 850 liter chamber 
through which air was drawn at a rate of 900 liters per minute. The nominal concentration 
of the vapor could be calculated from values for the duration of exposure, velocity of air 
flow, and loss in weight of the contents of the nebulizer during the exposure. The actual 
concentration was determined in each instance by analysis of the chamber atmosphere 
after equilibrium had been attained, i.e., 4 minutes after beginning the e.vposure. A 
measured volume of the chamber atmosphere was drawn through 2 absorption towers in 
series, each containing a 5% solution of sodium hydroxide in 60% ethyl alcohol. (Aqueous 
NaOH -was satisfactory for the absorption of lewisite.) The towers were placed in the 
chamber close to the cage containing the experimental animal. Their pooled contents were 
analyzed for arsenite by standard iodiraetric procedure and for chloride bj’ Yolhard titra- 
tion. 

There was considerable variation in the volume of arsenical atomized in successive ex- 
posures, and even greater variability was encountered in the actual concentrations realized 
(tables 1, 2, and 3). Concentrations determined by analysis for chlorine, not here tabu- 
lated, were on the average 20% higher than those based on analysis for arsenic. This dis- 
crepancj’, as well as the marked disparity between nominal and analytical concentrations, 
has been observed by Hutchens and Hein (3) and can be explained by the rapid hydrolysis 
of the vaporized arsenical to an arsenoxidc and hydrochloric acid; the former is largely 
adsorbed on the surfaces of chamber and cage and on the fur of the experimental animal, 
while some of the latter remains free in the chamber atmosphere. 

Dogs were gassed singly; equal numbers of treated and control animals were exposed 
concurrently. The flow of air and gas was started after the dog had been placed in the 
chamber. 'Gas ■was introduced for a period of 30 minutes in most instances. The circula- 
tion of air was continued for 10 minutes after the gas was turned off, and the animal removed 
at this time. 

■ The work described in this paper was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research and Develop- 
ment and Yale University. 
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At the beginning of the study, treatment was by the intravenous route. 2,3.dimercap- 
topropanol was administered as a 0.25% solution (0.02M) in physiological saline; 7 equal 
injections of 5 mgm. per kilogram of body weight were given at intervals of 15 minutes, 

TABLE 1 


EJJecl of 2 ,3-dimercaptopropanol administered intravenously in a dosage of 35 mgm. per kilo 
on the mortality of dogs exposed to lewisite vapor 


treatiednt 

STARTED AT 

AVE, CONC. or TOXIC VAPOR 

(MCM./I-) ± S.D. 

i 1 

[ ACUTE DEATHS (KUMBER ' 

or DOCS) 

LATE 

DEATHS 

2-7 days 

TOTAL 

MOR- 

TALITY 

Nominal j 

By As. analysb ! 

0-6 

hrs. 

6-12 

hrs. 

12-24 

hcs. 

24-48 

hrs. 

A. 30 minute exposure 

Control 

0.139 ± 0.025 

0.050 dt 0.013 

2 

1 4 

7 

5 

4 

22/27 

Immediatel 3 '. . . 

0.131 ± 0.018 

0.045 ± 0.010 

0 


1 

0 

3* 

4/10* 

30 minutes 

0.144 ± 0.018 

0.053 ± 0.014 

0 


0 

0 

0 

0/8 

90 minutes 

0.148 ± 0.008 

0.053 ± 0.010 

0 


2 

1 1 

0 

3/8 

B. 10 minute e.xposure 

Control 

I 0.384 ± 0.048 

0.144 ± 0.015 

1 i 

0 

1 

I 1 

1 

4/6 

30 minutes 

0.351 ± 0.005 

0.121 d: 0.015 

1 ° 

0 

1 

1 ° 

i ° 

[ 1/5 


* One dog with extensive pneumonia sacrificed at 5 days, listed as a fatality. 


TABLE 2 


E^eci of 2 ,3-dimercaptopropanol administered intramuscularly in a dosage of SO mgm. per 
kilo on the mortality of dogs exposed to lewisite vapor for SO minutes 


TREATVEKT 

' A\'E. cove, or TOXIC VAPOR 

i (MCM./L.) =fc S.D, 

ACUTE DEATHS (KUMBER 
or DOCS) 

LATE 

TOTAL 


Nominal 

By As. analysis 

0-6 

hrs. 

( 6-12 
hrs. 

12-24 

hrs. 

24-18 

hrs. 

2-7 day's 

TALITY 

Control 

0.143 ± 0.006 

0.065 ± 0.009 

a 

3 


0 

2 

8/10 

6/9 

30 minutes 

0.143 ± 0.003 

0.061 ± 0.007 

H 

0 


0 

2 


TABLE 3 


Effect of 2 ,3-dimercaptopropanol administered intramuscularly in a dosage of 40 mgm. per 
kilo on the mortality of dogs exposed to phcnyldichtorarsine vapor for SO minutes 


T»EATUE>rr 
STARTED AT 

A\X. cose, or TOXIC VAPOR 
(UCM./L.) =fc SS>. 

ACUTE DEATHS (VUIIBER 

1 or DOCS) 

LATE 
DEATHS, 
2-7 DAYS 

TOTAL 

UOR- 

TALITY 

' Nominal 

By As. anaij'sis 

0-6 

hrs. 

( 6-12 
hrs. 

12-24 

hrs. 

24-48 

hrs. 

Control ... . 

30 minutes .... 

0.159 ± 0.006 
O.ICO ± 0.006 

0.062 ± 0.012 
0.055 ± 0.009 

2 

0 

2 1 

i 

3 

2 

2 

1 

0 

1 

9/1 1 
4/11 


totaling 35 mgm. per kilo over a period of 1} hours. In 3 groups of dogs that had been 
exposed to lewisite v.apor for 30 minutes, treatment was commenced immediately, 30 min- 
utes, and 00 minutes respectively after removal of the animal from the chamber (i.c., 40 
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70, and 130 minutes after beginning the exposure) (tabic lA). In a fourth group, exposed 
for 10 minutes to a higher concentration of the gas, treatment was begun 30 minutes after 
removal of the animal (50 minutes after beginning the exposure) (table IB). 

For the remainder of the study a 5 or 10% solution of BAL in peanut oil with 10 or 20% 
benzyl benzoate respectively was used.*' A single injection of 20 mgm. per kilo was given 
intramuscularly to a group of dogs exposed to lewisite vapor, 30 minutes after a 30 minute 
exposure (70 minutes after beginning the exposure) (table 2). The same amount of BAL 
was given at the same post-gassing interval to a group of dogs following a 30 minute ex- 
posure to phenyldichlorarsine vapor, and repeated 2 hours later for a total dosage of -10 
mgm. per kilo (table 3). 

Surviving animals « ere sacrificed 7 or more days after gassing. Gross inspection of the 
larynx, trachea, and lungs of all animals was made, and sections were taken for histological 
e.xamination in selected cases. 

Results of Experiments. Inasmuch as the toxic effects of both gases were 
indistinguishable and the response of dogs to treatment with BAL was equally 
good after gassing with either lewisite or phenyldichlorarsine, the results of 
experiments with both arsenicals may be combined in a single discussion. 

Clinical course. Great excitement and overactitity were apparent as soon as 
gassing commenced and continued for a variable period of time, up to the 
duration of the exposure. Retching, vomiting, urination, and defecation were 
customarily obsen^ed. Respiratory distress and marked salivation were noted 
when the animals were taken out of the chamber. Respiratory obstruction was 
the cause of death in those dogs dying acutely, i.e. within 48 hours. Animals 
that died later, and a few surviving dogs as well, developed signs of pneumonic 
consolidation by physical and roentgenographic e.xamination. In a few cases 
there was a purulent conjunctivitis. 

Mortality (tables 1, 2, and 3). Approximately 80% of the dogs in each control 
group died. One fourth to one half of the fatalities in the untreated animals oc- 
curred within 12 hours. The earliest death was at 3 hours. There was a marked 
reduction in mortality following the administration of BAL in a dosage of 
35 or 40 mgm. per kilo, even when the initiation of treatment was delayed until 
90 minutes following gassing, B.AL effected no significant change in mortality 
when administered in a dosage of 20 mgm. per kilo 30 minutes after gassing. 
Kone of the treated dogs, even in the group receiving inadequate dosage, died 
within 12 hours after exposure. There were too few dogs gassed with lewisite 
for 10 minutes to lend statistical significance to the difference in mortalitj' be- 
tween treated and untreated animals in this group. 

Pathology. Acute deaths, occurring within 48 hours, were attributable to 
an ulcerating, necrotizing laryngotracheobronchitis with resultant respiratory 
obstruction from a thick pseudomembrane of fibrin, necrotic epithelium, and 
poh-morphonuclear leukocytes, extending from the edematous glottis into the 
small bronchial radicles. The bronchioles were filled with exudate but their 
mucosa was less severely affected. There was marked edema of the peri- 
bronchial, perivascular, and mediastinal tissues and of the alveoli, which were 
the site of hemorrhage and occasionally emphysema. Penumonia in association 

- The BAL in peanut oil was furnished by Surgeon Harry Eagle, U. S. P. H. S. 
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with the acute bronchiolitis was present in those animals dying 2 days after 
gassing. 

With but one exception, all the late fatalities (those dying 2 to 7 da}"S after 
exposure) were due to progression of the larjuigotracheobronchitis with a compli- 
cating pneumonia. Frankly purulent foci were cultured at postmortem; 
Staphylococcus albus and aureus xvere ordinarily recovered, and in one instance 
Streptococcus viridans. In the later fatalities of this group there was regenera- 
tion of a metaplastic stratified squamous epithelium in the bronchi. 

In about 50% of the survivors sacrificed 7 to 12 days after gassing, no pulmo- 
nary lesions were found on gross examination, though the lungs were somewhat 
heavier than normal and there was a lack of their normal tendency to collapse. 
In the remaining animals, small zones of edema, emphysema, atelectasis, and 
consolidation w'ere seen. In all surviving dogs, histological evidence of previous 
damage to the trachea and bronchi w as found in epithelial metaplasia and slight 
submucosal edema and inflammatory exudation. Peribronchiolar fibroblastic 
proliferation and focal pneumonia, usually not extensive, were not infrequently 
obsen'ed. 

One treated dog that was sacrificed 3 months after exposure to phenyldichlorar- 
sine showed slight thickening of the alveolar walls. 

Discussion. 2 , 3-dimercaptopropanol w as found to be effective in treatment 
of poisoning by inhaled lewisite and phenjddichlorarsine vapor; the dosage 
required in successful treatment was well below' the LDso for the dog : 35 mgm. per 
kilo intravenously administered over a period of 90 minutes or 40 mgm. per kilo 
intramuscularly in 2 hours in contrast to the LDso w'hich is 100 mgm. per kilo 
given at one time (4). A smaller dose, 20 mgm. per Idlo, W'as ineffectual. The 
amounts required are considerably in excess of those which have been adminis- 
tered to humans. Modell, Gold, and Cattell (4) and Sulzberger, Baer, and 
Kanof, (5) have given 3-4 injections at 4 hourly intervals of the 10% peanut oil 
preparation intramuscularly into humans. Local discomfort and mild sjouptoms 
of systemic toxicity resulted. 

In this study it has been demonstrated that BAL is equally effectii'e whether 
administered intravenously or intramuscularly. This is confirmatory of the 
studies of its toxicity and of its efficacy in treatment of the systemic action of 
lewisite burns (6, 1). 

SUMMARY 

1. Dogs exposed to lethal concentrations of the vapors of lewisite or phenjd- 
dichlorarsine develop a necrotizing pseudomembranous laryngotrachcobronchitis. 
Death is usually due to respiratory obstruction occurring within 48 hours. Later 
deaths are due to a progression of the acute lesions and pneumonia. 

2. BAL in a dosage of 35-10 mgm. per kilogram of body weight, administered 
intrax cnously or intramuseularly in dixdded doses, markedly reduced the mortal- 
ity of dogs exposed to an LCso of the vapors of either lew isite or phenyldiclor- 
arsinc, even w hen treatment was initiated as late ns 100 minutes after a 30 minute 
exposure to the gas. 
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THE TREATMENT BY 2, 3-DIMERCAPTOPROPANOL (BAL) OF THE 
SYSTEMIC TOXIC EFFECTS OF SKIN CONTAMINATION 
WITH LEWISITE AND PHENYLDICHLORARSINE' 

HAROLD E. HARRISOH, M.D , STANLEY H. DURLACHER, M.D., 
WILHELM S ALBRINK. Ph.D., NELSON K. ORDWAY, M.D. 

AND HENRY^ BUNTING, M.D. 

From the Deparlmenl of Pathology, Yale Universtly School of Medicine 

BAL hasat^Yofold action in the treatment of the injurj' produced by contamina- 
tion. of the skin with liquid lewisite or phen 5 ddichlorarsine. If applied earb' to 
the local lesion it can inhibit the necrotizing action of these vesicants and prer'ent 
the absorption of the hydrolyzed arsenicals from the local site; if sufficientl}^ large 
amounts of BAL are applied to either injured or intact skin or if solutions of BAL 
are injected, concentrations of BAL maj' be maintained in the body fluids which 
are effective in preventing the systemic toxic effects of the absorbed lewisite and 
phenyldichlorarsine oxides. 

It has been repeatedly demonstrated in experimental animals that lethal 
amounts of the arsenical vesicants can be absorbed from a relatively small area of 
skin contamination (1). The possibility that men splashed with these vesicants 
might succumb to the toxic effects of the absorbed arsenic compounds prompted 
the investigation of the most suitable methods of using BAL in the treatment of 
such casualties. 

The absorption of BAL after skin application is not sufficiently rapid to afford 
maximum protection from the absorbed arsenicals even if undiluted BAL is used. 
The present studies indicate that the most effectiv'e method of treating the sys- 
temic effects of skin burns produced by either lewisite or phenyldichlorarsine is 
by the combined application of BAXi to the burned area and the injections of 
solutions of BAL. The local treatment prev'ents continued absorption of the 
arsenicals from the burned area and the sj'stemic treatment is necessary to pro- 
duce concentrations of BAL in the bodj' fluids which can inhibit the toxic action 
of the arsenic compounds in the tissues, BAL is itself a quite toxic compound so 
that the dosages must be carefully regulated to avmid the injurious effects of 
excess BAL. Efforts to develop a method which could be used for the deter- 
mination of the concentration of reduced BAL in the blood plasma after the in- 
jection of therapeutic doses were unsuccessful. 

its the result of preliminary experiments on mice, tentative conclusions were 
drawn as to the length of time an effective concentration of BAL might persist 
after its injection. An amount of lewisite equivalent to SLDjo (60 mgm. per kg.) 
was applied to the clipped skin of mice and 30 minutes later the mice were treated 
cither by the application of undiluted BAL to the burned area or by the repeated 

‘The work drsenbed m this paper was done under .a contract recommended by the 
Committee on Medical Research between the Oflicc of Scientific Research and Development 
and Yale University. 
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subcutaneous injection of dilute solutions of BAL in saline. The results are 
shown in table 1 and indicate that the treatment by repeated subcutaneous in- 
jections of BAL is more effective than local application if the injections are 
properly spaced. Treatment must be repeated at approximately 3 to 4 hour 
intervals for about 12 hours after the lewisite application. The estimate that 
most of the injected BAL is destroyed or excreted in about 4 hours is in agreement 
with studies in man which show that there is no appreciable cumulative to,xicity 
of small doses of BAL if injections are spaced at 4 hour intervals (2). The total 
amount of BAL needed for optimal treatment under those conditions was about 
1 mM per kg. and the amount of lewisite applied to the skin was appro.ximately 

TABLE 1 


Treatment by BAL of systemic toxicity of lewisite burns in mice 


IIETHOD or TRZATUENT 

TOTAl. AMOUNT OP BAL 
ADMINISTERED 

MORTAUTY 


mSI/kg, 



1.25 

10/10 


2.5 

9/20 

Percutaneous* 

5.0 

22/50 


7.5 

5/10 


10.0 

9/10 

Subcutaneous — 3 injectionsf 1 

0.72 

0.96 

7/10 

7/10 

1 

1.20 

7/10 

( 

0.64 

5/10 

Subcutaneous— 4 injections^ , j 

0.96 

2/10 

1.28 

1/10 

1 

1.60 

8/20 


All mice wore burned with 60 mgm. (0.3 mM) of lewisite per kg. 30 minutes before treat- 
ment was started. 

* Undiluted BAL applied to skin including area of burn. 

t Total dose divided into 3 equal parts given 1,5} and 12 hours after lewisite application. 

t Total dose divided into 4 equal parts given }, 3}, 7} and 12 hours after lewisite. 

0.3 mM per kg. The lewisite was probably not completely absorbed from the 
local area but the results indicate that in the mice an e.xcess of BAL in a ratio of at 
least 3 mols of BAL to 1 of lewisite is needed for inhibition of the toxic action of 
the absorbed lewisite oxide. 

Repeated subcutaneous injection of solutions of BAL in saline were also given 
to dogs which had been burned with 2LDso of lewisite (38 mgm./kg.). It was 
impossible to protect effectively these animals from the lethal effects of this dose 
of lewisite even when a total of 1.8 mM per kg. of BAL was given divided into 
5 injections spaced at 4 to 5 hour intenmls and the treatment begun simul- 
taneously with the lewisite application. Of 8 dogs so treated only 2 sunuved 
but the course of the 6 dogs which succumbed was considerably modified from 
that seen in untreated animals. In the untreated dog burned with this dose of 
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leirisite the predominant feature is the rapid onset of pulmonary edema which 
may prove fatal within 3 hours. None of the animals which were given the treat- 


TABLE 2 


Treatment hy BAL of lewisite poisoning in dogs 
(Figures in body of table are mortality rates) 


laiTHOD or TItEATlIE^'T 


iniE EfTEUVAI. BEFORE START OF TREATaENT 


30 min. ] tO min. 1 130 min. 


Dogs burned with 2LDso of lewisite (3S mgm./kg.) 


Undiluted BAL, 0.3 cc. per kg., locally 

Undiluted BAL locally plus BAL solution sub- 

3/10 

7/10 

! 

I 

cutaneously, 0.3 mjNI per kg 

Undiluted BAL locally, 0.1 cc. per kg., plus BAL 

0/10 

1/12 

4/8 

solution intravenously, 0.04 mM per kg. X 7, 
given at 15 minute intervals . 


0/8 

i 

5% BAL ointment localb', 2 cc. per kg. 

5% BAL ointment locally plus 10% BAL in oil in- 

7/8 

8/8 

1 


tramuscularly, 5 mgra. per kg 

BAL ointment locally plus 10% BAL in oil in- 

5/12 

1 



tramuscularly 5 mgm. per kg. X 2 at | and 31 

hours 

5% BAL ointment locally plus 10% BAL in oil in- 

2/10 



tramuscularly 10 mgm. per kg. 

5% BAL ointment locally plus 10% BAL in oil in- 

1/8 

9/12 


tramuscularly, 10 mgm. per kg. X 2 at 1 and 4| 
hours 

5% BAL ointment locally plus 10% BAL in oil in- 

i 

4/10 


tramuscularly, 10 mgm, per kg. X 3 at 1, 4 and 7 
bours 


2/8 



Dogs burned with tLDi,, of lewisite (76 mgm /kg.) 


Undiluted BAL locallj", 0.5 cc. per kg. ... 
Undiluted BAL locally, O.l cc. p^v kg- plus BAL 
solution intravenously, 0.04 mM per kg. X 7, 

5/10 j 



given at 15 minute intervals. . ... 

0/4 

10/11 



TABLE 3 

Treatment by BAL of phenyidichlorarsinc poisoning in dogs* 


IIETHOD or •rXEATMEKrt \ 

KOSTAUTV 

^'Qnc . ! 

12112 

5% BAL locally 

0/0 BAL locally plus 10% BAL in oil intramuscularly, 5 mgm. perj 

5/8 

Ug. X 2 at 1 and 4 hours ^ 

1/S 


* Dogs burned with 82 mgm. per kg. of phenyidichlorarsinc applied to clipped skin, 
t Treatment started CO minutes after application of phenyidichlorarsine. 


tncnt with B.AL described above .showed evidence of pulmonarj- edema and the 
deaths occurred 24 to 48 hours after the Icwi«ite burn after the dogs had lapsed 
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into a state of severe shock as manifested by marked drop in blood pressure, 
tachycardia and loss of plasma volume. 

It «'as ev'ident that for adequate treatment of lewisite burns in dogs the con- 
tinuted absorption of the lewisite oxide from the local area must be prevented. 
This can be accomplished by the local application of BAL either undiluted or in 
an ointment base. The results of the combination of local application of BAL 
plus the injections of solutions of BAL are shown in table 2. The application 
of undiluted BAL to the local lesion plus the subcutaneous or prolonged intra- 
venous injection of approximately 0.3 mM (36 mgm.) of BAL per kg. as a dilute 
solution in saline was very effective. The saline solutions of BAL are unstable 
and must be prepared immediatelj' before injection. For this reason treatment 
with a more stable type of preparation of BAL, e.g. a 5 or 10% solution of BAL 
in peanut oil and benzyl benzoate as devised by Eagle (3,4), was tried. In place 
of the local application of undiluted BAL a 5% solution of BAL in an ointment 
base was used. The BAL ointment was found satisfactorily to inactivate the 
lewisite remaining at the skin burn even though the absorption of B.A.L when it is 
applied in this form is too slow to afford any protection against the systemic 
toxic effects of lewisite. When the local use of BAL ointment is supplemented 
by injection of solutions of BAL good therapeutic results are obtained. The 
effectiveness of therapy is ini'ersely related to the time elapsing between the 
application of leuisite to the skin and the onset of treatment. Relatively large 
doses of BAL could be given without to.xic sjmptoms if given in dinded amounts 
at inteivals of approximately 3 hours. 

A similar form of therapy has been found to be successful in the treatment 
of dogs burned with a lethal dose of phenyldichlorarsine (table 3). Because the 
absorption of this compound from the skin of dogs is slower than that of lewisite, 
less BAL is required for the adequate treatment of the systemic toxicity of 
phenyldichlorarsine burns. 

SU.M.MARV 

The injection of solutions of B.A.L in saline or oil is of value in the treatment 
of the sj'stemic to.xic effects of lewisite or phenyldichlorarsine following the 
contamination of the skin with these compounds. 

In dogs burned with 2LDso or more of lewisite or phenyldichlorarsine the most 
effective treatment is combination of the application of B.A.L to the local lesions 
to prevent further absorption of the arsenical compounds with the injection of 
solutions of BAL to maintain concentrations of B.\.L in the tissues which can 
inhibit the toxic effects of the absorbed lewisite and phenyldichlorarsine oxides. 
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THE TREATMENT OF ACUTE CADMIUM INTOXICATION IN 
RABBITS WITH 2,3-DIMERCAPTOPROPANOL 
(.BAL) AND OTHER MERCAPTANS 


ALFRED GILINUN,' FREDERICK S. PHILIPS,' ROBERTA P. ALLEN and 
ETHOL S. KOELLE 

From the Pharmacology Section, Medical Division, Chemical Warfare Service, Edgewood 

Arsenal, Md. 

The historical background which led to the synthesis of BAL (2,3-diraercapto- 
propanol) and the basic contributions which have resulted from studies on the 
effect of mercaptans on the toxic action of arsenic and other heavy metals have 
been summarized by Peters (1) and Waters and Stock (2). Among the many 
fruitful results of recent investigations on the thiol antagonism of heavy' metal 
poisoning is the accumulation of evidence supporting the hypothesis that heavy 
metals are toxic to biological systems because of their reversible mercaptide- 
formation with SH groups of the protein moiet.v of cellular enzymes. As an 
extension of this hypothesis a reasonable explanation of the mechanism by which 
dithiols can reactivate poisoned enzyme sy’stems or exert therapeutic benefit in 
the treatment of heavy' metal poisoning is the formation of mercaptides of suffi- 
ciently low dissociability to reverse effectively' the combination of heavy metals 
"ith sensitive cellular enzyme systems. 

In the treatment of arsenical poisoning this concept has received support from 
the demonstration that BAL reacts with lewisite to form a stable mercaptide 
and that BAL effectively' reverses the in vitro inhibition of py'ruvic acid oxidase 
caused by' arsenicals (1). The effectiveness of BAL therapy' in the treatment of 
systemic intoxication from a variety' of toxic arsenicals, both in e.xperimental 
nnimals (1, 2, 3) and in man (1, 2, 4), attests to the facility nith which the 
^thiol forms stable thio-arsenites in vivo. Likewise, the observation that the 
inhibition of SH-containing enzymes by' mercury' can be reversed by' BAL (5, 6) 
has its clinical counterpaz t in the efficacy' of BAL in the treatment of e.xperi- 
mental (7) and human (8) mercury poisoning. 

The generalization that heavy' metals have a common basic mechanism of 
notion and as a gi'oup can be antagonized by dithiols receives further support 
from studies on the actions of cadmium in vitro and in vivo. It has been shown 
that cadmium inhibits succinoxidase and that this icaction can be revei'sed bv 
BAL (5, G). The following study is concerned with the effects of BAL and 
related mono- and dithiols on systemic cadmium poisoning. Although sy'stemic 
cadmium poisoning is an uitcommon clinical occurrence, nevertheless, the 
actions of this metal affoid, more than do those of ai'senic and mercury, an 
experimental tool for elucidating the mechaniszns by which mezeaptans reverse 
the to.xic effects of heavy metals in vivo. 

I Major, So-C , -X U B. 

' 1st. Lt , Szi-C , A U S 
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The screening of hebcaptans for theib efficacv in the treatment of systemic 
CADMIUM POISONING. Fort3’-four mereaptnns have been screened to determine their efficacj" 
in the treatment of 'sj-stemic cadmium poisoning. Rabbits were used as experimental 
subjects. The lipoid soluble mercaptans were injected in a solution of propj’lene gl.vcol 
containing varj-ing amounts of alcohol to effect solution. Thej- "ere given in 3 equally 
divided doses totalling 0.3 mM/Kg., the first intravenously, either one minute before or 30 
minutes after the intravenous injection of cadmium, and the second and third, intramus- 
cularly, 1 and 3 hours later, respect ivelj-. Cadmium was administered as a solution of its 
chloride salt, the standard dose emploj-ed being 5.0 mg./Kg. The mercaptans studied were, 
for the most part, dithiols of aliphatic hydrocarbons ranging from dithio-ethane to dithio- 
hexadecane. Also included were various corresponding alcohols, acids, ethers and esters. 
The SH groups were variously placed in the molecule. As a group the dithiols were uni- 
formly interior to BAL in counteracting the effects of systemic cadmium intoxication. 
Many were highly toxic in the dose employed. Suffice it tosaj- that only 4 compounds were 
deemed worthj- of more intensive investigation. These were B.VL itself, the glucosidc of 
B.\L (first sj’nthesizcd b.v Danielli and co-workers (91, 1-thiosorbitol, and l-thiox\'litol. 

Reactions between mercaptans and Cd++ in vitro. The reactions between 
mercaptans and cationic cadmium ivhich occur in vitro would presumably be in- 
dicative of the expected intei'action of the two agents in vivo. A brief sttid.v of 
the chemical reactions between the thiols and Cd++ was therefore undertaken. 

Reactions with BAL. When solutions of CdCi; (0.5 M) were added to non-buffered 
aqueous solutions of BAL (0.03 M), a copious, flocculont, white precipitate formed. The 
precipitation occurred regardless of the molar proportions of the dissolved reactants, 
lodomctric titration of filtrates following reaction bo' ween Cd'^'^and non-buffered solutions 
of B.AL revealed that 1 mol of B.VI, was combined for each mol of Cd''"'' added. Electro- 
metric titration of H'*' produced by the reaction of solutions of CdCb with molar e.xcesscs 
of B.-\Ij gave evidence for the formation of 2 equivalents of for each mol of CdCIj added. 
The endpoint of the electrometric titration was taken at pH 6.0 since at lower hj’drion 
concentrations a second reaction between Cd'^*’ and B.\L occurs which will be described 
directl}'. 

The simplest formulation consistent with the observations made maj" be written as 
follows : 


CH.SH CH-S^ 

( ! Cd 

CHSH -b rd++ CHS-^ + 2H+ 

I I 

CHjOH CH;OH 

The precipitate formed, hereafter called the Cd-BAL comploN*, was hiphly insoluble 
in water and organic solvents. Although insoluble in alkaline solution, it was dissolved b} 
0.1 molar solutions of HCl prosum.ably by reversal of the reaction written above. 

Of greater importance than the formation of the insoluble Cd-BAL comple.Vf is the 
reaction which takes place when Cd^* is introduced into alkaline solutions of BAL mam- 
tained at pH S.O or greater b 3 ' simultaneous addition of strong alkali. So long as the 
amount of added did not oNceed the molar proportion of 1 Cd:2 BAL, the precipH*''!^ 
which formed in the region of temporary excesses of Cd"^^ vas instantl.v redissoivcd h.' 
agitation of the reaction flask. In a similar fashion alkaline solutions of BAL readil}' dis- 
solved Cd-B.\L which is not soluble in strong alkali alone. 

The preparation of a clear solution at pH 8.0 b.v mi\ing i of a molar C(iui valent of C<1 
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with 0.05 molar BAL required the addition of 1.75 equivalents of KaOH. Further alkalin- 
ization caused no precipitation, and CdS did not appear when large excesses of Na-S were 
added. However, when the pH of the preparation was lowered to 7 or Cd’’^'' was added in 
ex.ces3 of the molar proportion of 1 Cd:2 BAL, a floceulent, white precipitate immediately 
formed which presumably was Cd-BAL. 

It is apparent in these results that under alkaline conditions 2 mols of BAL react wdth 1 
mol of Cd^ to form a soluble complex which is highly undissociated w ith respect to its com- 
ponents. A simple formulation for the structure of the di -sodium salt of this complex, is as 
follows: 


H*CS Cd SCHj 

, I 1 

[HCSNa NaSCH 

I I 

CHjOH CH:OH 

The complex will hereafter be designated as Cd(BAL)}. 

Although the solutions of Cd (B AL)j described above u ere prepared from 0.05 molar BAL 
at a pH of 8 or greater, it should be noted that appreciable amounts ol soluble complex can 
exist in solution at more physiological hydrion concentrations. BTien a molar equivalent 
of B.AL solution was added to a suspension of Cd-BAL and the mixture neutralized by addi- 
tion of alkali, clarification was initiated when the pH was elevated to 7.0 and was complete 
at pH 7.8. This observation would presumably indicate that in vivo BAL may be ex- 
pected to react with Cd^ to form a soluble complex and in fact such a reaction has been 
used below as a reasonable explanation of the changes effected by BAL therapy in the 
course of cadmium intoxication. 

Reactions vnlh thiosoTbilol. The thiosorbitol employed in this study was obtained from 
Dr. B. W, Howk and Dr. W. H. Vinton, of the duPont laboratories. The samples e.xhibited 
96 per cent of theoretical thiol activity. As might be e.xpected, the reactions of thiosorbi- 
tol with di-valent cadmium can result in the formation of either the mono-thiosorbitol or 
the di-thiosorbitol mercaptide of cadmium, depending upon the molar proportions of the 
reactants. When aqueous solutions of thiosorbitol (0.05 M) and CdCL (0.5 M) were reacted 
iu the molar proportion of 1:1, a soluble complex of cadmium formed which was so little 
dissociated that the presence of S in the reaction mixture did not result in the precipita- 
tion of CdS. The reaction also involved the production of 1 molar equivalent of as 
determined by titration to pH 7.0 (glass electrode). These observations may be taken 
as evidence that all of the Cd^ had reacted with thiosorbitol as follows: 

HSCH, +Cd— SCH 

1 i 

Cd++ + (CHOH). (CHOH), -f- H+ 

I I 

HjCOH H-COH 

The mono-thiosorbitoI derivative was readily soluble in an aqueous medium below pH 
8.0. When the pH of a 0.05 molar solution of cadmium-mono-thiosorbitol was raised above 
8, however, a white precipitate appeared which did not interact with S— to form CdS. 
Presumably the substance was the base of the complex. 

When aqueous solutions ot CdCl, (0.5 molar) and thiosorbitol (0 05 molar) were mixed 
in the molar proportion ot 1:2, the subsequent addition of alkali did not raise the pH to 7 
until 2 molar equivalents ot had been neutralized. Inasmuch as thiosorbitol is so weak 
an acid that the pH of 0 05 molar solutions is raised above 8 by the addition of less than ^ 
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of a molar equivalent of alkali, the above evidence indicates that at pH 7, 2 mols ofthe 
monothiol combine with each mol of Cd'*"''. This reaction may be depicted as follows: 

HS— CHj H.C S— Cd— S CH. 

,1 I I ’ 

Cd«- + 2 {HCOHl, (HCOH). (HCOH)i + 2H+ 

I I ! 

HjCOH H,COH HjCOH 

The complex formed will be designated hereafter as Cd(thiosorbitol)j. Like the Cd- 
thiosorbitol derivative, it was soluble in water and was not decomposed by addition of 
S . Moreover, alkalinization of its squeous solutions caused no precipitation which is 
further evidence for its non-identity with the mono-derivative. 

The reactions between Cd^+ and thioxylitol in vilro may be presumed to parallel those 
with thiosorbitol. 

Reactions ivithBAL ghicosidc. The samples of B.AL glucoside employed in this study 
were received from Dr. B. W. Howk and Dr. \V. H. Vinton of the duPont laboratories. 
The compound, which was obtained as the barium salt, contained approximately theo- 
retical amounts of Ba and S, but only CO to 70 per cent of theoretical SH activitj'. The 
sodium salt of the glucoside was formed by the addition to solutions of the barium salt 
of a slight excess of Xa;S0< and the pH adjusted to circa 7A by the addition of HCl. 
The BaSO< was removed by centrifugation and aliquots of the supernatant solution were 
titrated iodometrically for SH activitj'. The molar equivalence of the reactions below was 
calculated in terms of dithiol activity as determined analyticallj". 

Following the addition of 0.5 molar CdClj in widely varying molar proportions to neutral 
solutions of 0.05 molar BAL glucoside precipitation of an insoluble mercaptide did not 
occur. Therefore, like thiosorbitol, polyhj-dric BAL glucoside forms heavy metal deriva- 
tives with considerable aqueous solubility. AVhen the molar proportionality of the glu- 
coside was equal to or in e.vcess of Cd*'+, the addition of S — caused no precipitation of CdS. 
Moreover, no precipitate appeared when solutions containing the heavj’ metal and B.M, 
glucoside in molar equivalent amounts were alkalinized. 

Evidence for the formation of more than one mercaptide os the result of the reactions 
between Cd and BAL glucoside was obtained from measurements of the acid production 
resulting from the combination of different molar proportions of the reactants at various 
pH values. For this purpose, solutions of Ba-free BAL glucoside were first acidified to pH 
2.7, which appeared from titrations with strong acid to be the hydrion concentration at 
which all weak acid radicals were in the undissociated state. CdCl; was then added to the 
acidified BAL glucoside in proportions of cither J or 1 mol:l mol of dithiol. The reaction 
mixtures were titrated with NaOH and the amount of acid released bj’ reaction of Cd^ 
with BAL glucoside was compared with the H'*' available from dissociation of the dithiol 
itself. 

Tj'pical results obtained from the above determinations are shown in table 1. It will 
be noted tliat onlj' 0.22 molar equivalents of NaOH were required to bring B.AL glucoside 
to pH 7.0 (second column) while 2.00 molar equivalents of alkali were required to bring a 
CdCI; and the dithiol to the s.ame pH (third column). The latter result is consistent with 
the following formulation; 

H,C — 

I 

HS— CH 

I 

Cd++ -1- HS— CH. 


-O— CH 

/\ 

0 (Hcom, 

\l 

CH 

I 

CH-OH 


-CH 


211* + Cd 




/i 

S— CH 0 (HCOH), 


\ 


\ 


-CH. 


CH 

cH:Oir 
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The meicaptide formed is analogous in structure to that previously suggested for insoluble 
W-BAL and is designated hereafter as Cd-BAL glucoside. 

2t may be further noted in table I that the titratible acidity of the reaction mixture con- 
taining only J of a molar equivalent of CdCU (fourth column) between pH 6.0 and 9.0 was 
prater than e.xpected as the result of a 1:1 reaction between Cd^ and B.AL glucoside. 
In order to account for this obserx’ation it is suggested that Cd'*^ can react with 2 molar 
equivalents of B.AL glucoside to form a mercaptide in which the dissociation of the free 

TABLE I 

Tilralible acidity of aqueous solutions of BAL glucoside following addition of CdCh 
B.AL glucoside, 0.0109 molar, adjusted to pH 2.7 with 1.01 molar HCl (glass electrode, 
eclunan pH meter); titrated to various pH with 1.01 molar HaOH in the absence and 
presence of CdCIj; amount of NaOH added expressed as molar equivalents in terms of 
amount of B.AL glucoside present. 


pH 

BAL CLCCOSIDE, 

0.818 mM 

BAL ciccosiDE, 0 818 
roM,+CdCls, 0.818 mM 

BAL CLtrcOSIDE, I 61 
mM,+CdCU. 0 818 mil 


I^aOH, molar equh. 

XaOSt malar equh. 

yaOff, molar cquiv 

3.0 

0.03 

1.74 

0.96 

4.0 

0.10 

1.83 

l.IO 

5.0 

0.15 

1.95 

1.22 

6.0 

0.17 

1.99 

1.31 

7.0 

0.22 

2.00 

1.48 

S.O 

0.50 

2.02 

1.87 

9.0 

0.97 

2.06 

2.01 

10.0 

1.37 

2.15 

2.07 


fhiol groups is increased. By analogj' with the structure of Cd(BAL)» the sodium salt of 
^uch a mercaptide may be nwitten as follows: 


CH-OH 


CH.OH 


CH H.C— S — Cd— S — CH, CH 

/I I I /) 

O (HCOH), HCSXa NaSCH O (HCOH)j 

\l I I \l 

c 0 — — CHj H;C O — C 

H H 


The product of the reaction between i mol of Cd++ and 1 mol of BAL glucoside between 
PlI 6.0 and 9 0 is hereafter designated as Cd(BAL glucoside)-. It should be recognized that 
this designation docs not imply a final decision as to the structure of the mercaptides found 
in such a reaction mixture. Solutions containing Cd(BAL glucoside)- give no exddence 
for precipitation follon mg addition of S oralfcaliniration. -Icidificationpresumablj-con- 
verts Cd(B.\L glucoside). to Cd-BAL glucoside similar to the precipitation of Cd-B.AL 
nhich follows acidification of solutions containing Cd(B.-lL).. 


The effect of MEItCAPT.VNS ox THE COUIISB OF SYSTE.MIC C.VDMIU.M IXTOXIC.A- 
Tiox. The efficacy of mercaptan therapy on systemic cadmium intoxication was 
studied in the rabbit. -Acute systemic cadmium intoxication in tJie rabbit runs 
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a rapid course. Follouing the intravenous injection of 5.6 mg./Kg. of CdCh 
(1 per cent solution) animals began to show symptoms within 5 to 30 minutes. 
The rabbits tended to lie quietlj' in a relaxed position. The respiratory rate was 
increased and breathing was somewhat dyspneic. An earty manifestation of 
action was increased motor activity of the gastro-intestinal tract which led to the 
excretion of copious stools which often become watery within the course of an 
hour. As lethargy progressed, the rabbits assumed unnatural, sprawled posi- 
ions, e.xhibited a marked degree of muscular Raccidity, and eventually became 
prostrate and appeared to be in a shock-like condition. Death usually ensued in 
less than 24 hours. Aside from generalized vascular congestion there were no 
outstanding pathological changes. A rare animal survived for a longer period of 
time. Usually a rabbit surviving the acute effects recovered completel}’. In 
exceptional circumstances, however, late deaths occurred which occasionally were 
associated nith renal or hepatic insufficiency. During the course of studies on 
antidotal therapy irith thiol derivatives, 146 untreated rabbits received 5.0 mg./ 
Kg. of CdClj intravenously. Of these 131 died in less than 24 hours; of the re- 
mainder, 10 sunuved (table 5). This dose represents an LDss and was the one 
employed in all tests of therapy. 

'i^'hen the intravenous dose of CdCl* was reduced to 3.0 mg./Kg., approxi- 
mately 59 per cent of animals succumbed. This does was employed in 34 
control animals (table 5). Of the 20 which succumbed, 12 died within 24 hours 
and an additional 4 during the second 24 hours. Of the 4 which survived for 
longer periods, none showed a significant degree of renal insufficiency as evidenced 
by the NPN concentration of the blood. Animals which sunived indefinitely 
exhibited no untoward signs during the period of observation (15 days) and in 
only 2 of these was a temporary elevation in NPN noted. 

When the dose of CdClj was reduced to 2.5 mg./Kg., a marked reduction in 
to.xicity occurred. Of 12 animals receiving this amount of cadmium, 10 sundved 
(table 5). One died in 18 hours and 1 in 48 hours. There was little evidence 
of renal insufficiency in this group. The specific data on the effects of a dose of 
2.5 mg./Kg. of CdCh on renal function will be presented below (table 6) in 
comparison with those animals receiving Cd(BAL)2. 

Effect of prophylactic BAL therapy. IlTien solutions of BAL in prop3’lene 
glj’col were administered intravenously, in the dose of 0.1 mM/Kg., immediately 
prior to the injection of CdCli, and therapj'' continued vdth two intramuscular 
injections of 0.1 mM/Kg. each, 1 and 3 hours later respectivelj', the course of 
the cadmium-poisoned animals was entirelj’’ changed. The acute sj'mptoms 
described above were usuall3' not obsen-ed. Twenty-four hours after the 
administration of CdCl- a ver3’- high percentage of animals still survived and 
appeared normal. This was in contrast to the high raortalit3^ rate during the 
first 24 hours in untreated animals. Despite the initial success of therap3q how- 
ever, dela3’ed death invariabh' occurred. Of 13 animals receiving 5.0 mg./Kg- 
of CdCh, intravenousl3% and treated as described above, none survived (table 5). 
However, onl3' two deaths occured within the first 24 hours; the remainder were 
scattered through the second, third and fourth da3's. A gross pathological 
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examination of rabbits dying after BAL therapy revealed, invariably, extensive 
involvement of the kidneys. These organs were always swollen, soft and flabby 
and the cortex was pale and pitted bj"^ numerous petechial hemorrhages. The 
microscopic pathology of the kidneys will be the subject of a future communica- 
tion. Associated with these pathological changes was a functional insufficiency 
as evidenced by precipitous rises in the concentration of serum NPN. 

The absence of the characteristic acute systemic effects of cadmium in the 
above animals points to the formation of a stable mercaptide with BAL which 
effectively protects certain sensitive loci from the to.xic effects of the metal. 
However, by virtue of the propensity for the renal excretion of metallo-organic 
comple.xes, it would appear that the formation of the Cd(BAL )2 complex in vivo 
directs the to.xicit 3 '' of cadmium toward the kidneju 
More striking evidence of the development of renal insufficiency in cadmium- 
into.xicated animals treated with BAL was obtained when the dose of cadmium 
was reduced. Under these circumstances a larger number of control animals 
survived and the influence of treatment in developing the nephrotoxic action was 
more evident. A total of 15 animals receiving 3.0 mg./Kg. of CdCL was treated 
with 0.3 mM/Kg. of BAL in the manner described above. Of these, 13 suc- 
cumbed despite treatment (table 5). This represents a higher mortality rate 
than in the control series of 34 animals receiving this dose of CdCL mentioned 
above. Death characteristicallj' occurred late, onlj' one of the 13 taking place 
during the first 24 hours. Animals which surxdved for at least 48 hours invari- 
ablj' showed an elevation in blood NPN (table 2). 

Effect of delayed treatment with BAL. A finding which at first appeared para- 
doxical was that a delay of 30 minutes following the intravenous administration 
of CdCb before BAL therapy was instituted was favorable for survival (table 5). 
In table 3 are presented the data on 21 rabbits receiving 5.0 mg./Kg. of CdCL 
intravenously, and treated with 0.3 mM/Kg. of BAL in propjdene glycol solu- 
tion in 3 equally divided doses given 1, li and 3t hours after cadmium, respec- 
tively. As can be seen, 10 of 21 animals survived. Inspection of the NPN 
values of the serum at 90 hours reveals that it was largelj' the renal status of 
the animal which determined its ultimate survival. A similar result was 
obtained in a small series of rabbits when treatment was delaj'ed as long as 
GO minutes following intravenous intoxication with 5.0 mg.Kg. of CdCL 
(Table 5). An interpretation of these findings appears in the discussion. 

Treatment ivith thiosorhilol and tliioxyJitoL The high incidence of renal in- 
sufficicnej’ observed in animals treated with B/VL could be attributable to the 
renal reabsorption of the Cd(B.-\.L)i complex attending its excretion. For this 
reason mcrcaptans were sought which might presumabh’ form comple.xes which 
would e.=cape renal tubular reabsorption. The therapeutic efficac.v of 3 com- 
pounds in this category was tested, thiosorbitol, thioxylitol and BAL glucoside. 

It has been shown in vitro that the monothiols as a group are less effective 
than the dithiols in reversing the inhibition of enzyme s.vstems by heavy metals 
(1). Obson-ntions in mo on the effectiveness of the monothiols, thiosorbitol 
and thioxylitol, in preventing death of rabbits acutely poisoned with CdCI- have 
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borne out this point of view, ^^^le^eas BAL-treated animals seldom died acutely, 
3 of 6 rabbits treated prophylactically with thiosorbitol succumbed within the 
first 24 hours (table 5). Of 28 animals treated 30 minutes after the administra- 
tion of CdCI; 20 succumbed, 19 of these within the first 48 hours. Again the 
majority of deaths occurred acutely. However, it is of significance that of the 1 1 
surviving animals in the above e.vperiments, only 1 showed a temporary elevation 
of serum NPN to 60 rag. per cent. Thus, in only one instance could death be 
attributed to renal insufficiency. 


TABLE 2 

The effect of prophylactic BAL therapy* in rabbits receiving S.O mg. /Kg. of CdCh, 

intravenously 


SURVIVAL TIME 

NPN (MC./lOO cc. serum) 

48 hrs. 

72 hrs- 

168 hrs. 

hours 




19 




96 

159 

261 


96 

198 

317 


St 

58.5 

55.5 


45 




45 




72 

200 



96 

66.5 

152 


S 

122 

118 


48 




70 




124 


255 


168 


206 

238 

140 


110 


108 


137 

150 


* BAL given in 3 equally divided doses, the first, intravenously, I minute before CdClj, 
and the second and third, intramuscularly, 1 and 3 hours after CdCl-, respectively, 
t S = Survival. 


Thioxylitol was also relativeh' ineffective against systemic cadmium poisoning. 
Of 9 animals treated 30 minutes after the administration of 5.0 mg./Kg. of 
CdCl” with 3 equally divided doses of thioxylitol totalling 1.2 mlH/Kg., only 2 
survived. However, neither of these showed elevated serum XPX. 

Effect of BAL ghtcoside therapy. The effect of either prophylactic or thera- 
peutic treatment with B.AL glucosidc is shown in table 5. It may be seen that 
the initiation of therap.y immediately prior to the administration of 5.0 mg./Kg- 
of CdCI- prevented death in 9 of 10 animals. In order to treat this dose of CdCh 
effectively, it Avas necessary to inject onB’ a single dose of the dithiol. Moreover, 
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it is evident that prophylactic therapy -aith BAL glucoside did not impair renal 
function in a manner comparable to prophylactic therapy inth BAL (table 4). 
l^VTien therapy ivith BAL glucoside was delaj'ed for 30 minutes the dithiol still 
proved effective in the dose of 0.3 mM/Kg, Of the 10 animals treated with this 
dose only one died during the first day. Two others succumbed on the 4th and 
5th days, respectively, presumably of renal impairment. Only 1 of 7 sundvors 
exhibited a moderate elevation of serum NPN (table 4). Animals receiidng 10.0 
mg./Kg. of CdClj could not be effectively treated with BAL glucoside, even n hen 
the dithiol was administered prophylacticaHy. 

TABLE 3 


The relationship between survival and extent of renal insufficiency in rabbits receiving BAL 
therapy following the intravenous administration of B.O mg./Kg. of CdCh 


suBviVAi. Tno: 

NPN AT 96 BOCTS (MC /lOO CC. SBIBU) 

hours 


s* 

147.0 

s 

37.6 

s 

34 7 

s 

39.3 

s 

49.5 

s 

39.2 

s 

47.0 

s 

45.0 

s 

124.0 

s 

87.5 

31 


2i 


24 


120 

345.0 

144 

372.0 

144 

278.0 

144 

380.0 

16S 

319.0 

168 

335.0 

192 

276.0 

288 

101.0 


• S «= Survival. 


In idew of the effective therapeutic action of BAL glucoside when administered 
in a total dosage of 0.3 mM/Kg., it was surprising to find that treatment with 
a total dosage of 0.75 mM/Kg. was less beneficial. Indeed, the larger amounts 
of the dithiol appeared to shift the acute, to-vic action of cadmium toward the 
central nervous sj’stem . This was seen in a group of 10 animals in which therapy 
consisted of an initial dose of 0.5 mhl/Kg. intravenously, followed after 3 hours 
by 0.25 mM/Kg. intramuscularly. Mfithin 11 hours after initiation of therapy 
3 of the group were seized by violent clonic-tonic connilsions. Six of the other 
7 animals e.vhibitcd, to vnrjdng degrens, gross tremor and hypcr-cxcitability. 
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Such signs have never been observed to folloiv intravenous adniinistration of 
CdCh, nor were they observed in control rabbits following injections of single 
doses of as much as 1.0 mM/Kg. of BAL glucoside. 

Within 24 hours 6 of the group had succumbed. Although the other 4 ap- 
peared somewhat depressed on the day after treatment, they appeared normal 
■within the next two days. One, however, succumbed on the fourth day of the 
experiment. Serum NPN values of the 3 survivors at 96 hours were normal. 

TABLE 4 


The effect of ‘prophylactic and delayed therapy nntk BAL glucoside in rabbits receiving 5.0 
ng./Kg. of CdCU intravenously 


TIUE or initiation 

BAL crocosiDE 

TIUE OF DEATH 

5EEUIC trx£A N (UC./lOO CC. SEKUU) 



72 hrs. 

96 hrs. 

min. 

mil /Kt, 

hrs. 



-1 

0.1* 

St 

8.6 




s 

14.7 




s 

36.1 




s 

9.9 




s 

9.6 


-1 

3 X O.lt 

s 

66.9 




s 

35.7 




s 

48.8 




s 

47.4 




144 

114.8 


-f30 

3 X O.lt 

S 

1 




S 


12.1 



24 





96 





S 


13.8 



S 


67.1 



S 


55.0 



S 


22.2 



S 


12.5 



120 


122.0 


• 0.1 mM/Kg. BAL glucoside, intravenously, immediately prior to the intravenous 
injection of CdCli. 

t 0.3 mM/Kg. BAL glucoside, in 3 equally divided doses, the 2nd and 3rd of which 
were given 1 and 3 hours after the first, respectively, 
t S = Survival. 

The anomalous effects of BAL glucoside in high dosage should be considered in 
the selection of an optimum dose-level of BAL glucoside for the therapy of 
cadmium intoxication. 

The ioxicity of the performed mercaplides of BAL, thiosorbitol and BAL glucoside. 
Further evidence of the mechanism by which mercaptans detoxify heavj' metals 
in vivo was afforded by e.xperiments in which preformed mercaptides of cadmium 
with BAL, thiosorbitol and BAL glucoside were injected intravenously. 
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When solutions of the soluble Cd(BAL )2 complex were prepared as described 
above and injected intravenously in rabbits in a dose equivalent to 5.0 mg./Kg. of 
CdCh, the subsequent course of intoxication did not differ from that observed 
following the intravenous administration of CdClj (table 7). Despite the low 
dissociation constant of the complex it nevertheless seemed to afford a readily 
available source of cadmium. This apparently was the result of a rapid intra- 
cellular dissociation of the complex possibly as a result of ojadation. If the dose 

TABLE S 


The effect of mercaptan therapy in rahhils following the intravenous administration of CdClz 


DOSAGE* 

TIME or 
IKmATlON 
OT THEEAPY 

MORTAtlTY 

TIME or DEATH 

cacb 

BAL 

Thiosorbitol 

BAL 

glucoside 

0-24 hours 

24-4S hours 

>48 hours 

ml./Ks. 

wJf/JCf. 

fnil/Kg. 

trtil/Kg, 

min. 





2.5 





,2/12 

1 

1 


3.0 





20/34 

12 


4 

5.0 





136/146 

131 


1 2 

7.5 





14/14 

13 

m 

1 


3 X 0.1 



1 -1 

13/15 

1 

' 1 

1 3 



1 3 X 0.1 



' -1 

13/13 


7 


Bl 

3 X 0.1 



-b30 

n/21 




■1 

3 X 0.1 



-1-60 

2/6 

1 

1 

1 

5.0 


3 X 0.1 


-1 

2/3 

2 





3 X 1.0 


-1 

1/3 

1 1 



■9 


3 X 0.4 


+30 

17/22 

15 

1 

1 



3 X 0.8 


+30 

3/6 

2 

1 





1 X 0.1 

-1 

V5 

5 

B 


10.0 



3 X 0.1 

-1 

3/5 

2 


^B^H 

5.0 



1 X 0.1 

-1 

0/5 







3 X 0.1 

-1 

1/5 



1 

5.0 



3 X 0.1 

mm 

3/10 

1 

Hi 

2 


* BAL and thiosorbitol given in 3 equally divided doses except where indicated; the 
first, intravenously, and the second and third, intramuscularly, respectively 1 and 3 hours 
later. 

BAL glucoside given similarly, with the exception that all injections were intravenous 
in the animals receiving prophylactic therapy. 

BAL administered in propylene glycol (0.5 mM/co.). Thiosorbitol and BAL glucoside 
administered in aqueous solution. 

of Cd(BAL)j comple.x was reduced to 3.0 mg./Kg. the high systemic toxicity stil^ 
precluded an adequate appraisal of its nephrotoxic action. Of 12 rabbits receiv- 
ing this dose only 4 survived. The remainder succumbed over a period of time 
ranging from 18-120 hours (table 7). AVithout exception, all animals which 
survived 48 hours showed elevated NPIC values. This was in distinction to the 
group of animals described above which received an equivalent dose of CdClj 
(3.0 mg./Kg.) in which the incidence of renal insufBciencj' was rare. 
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When the intravenous dose of Cd(BAL)- was reduced to 2.5 mg./Kg. the 
majorit}’ of animals survived (table 7). Under these circumstances, the greater 
toxicity of the complex than of CdCl» for the kidney became apparent (table 6). 

The course of intoxication following the intravenous administration of Cd 
(thiosorbitol )2 was similar to that which followed the injection of molar equiv- 

TABLE 6 


A comparison of the development of renal insufficiency in rabbits following the intravenous 
administration of molar equivalent doses of CdCh and Cd{BAL)i 


COSE or CdCU 

DOSE or Cd(BAL)i 

TIME OF DEATH 

NPN Cmc./I 

48 hours 

00 Oc. SERUJi) 

96 hours 


mg- CiCU/Rg- 

hours 



2.5 


s» 

35.7 

30.5 

2.5 


4S 



2.5 


S 

40.3 

36.9 

2.5 


S 

24.1 

60.9 

2.5 


S 

24.9 

25.8 

2.5 


S 

27.7 

31.2 

2.5 


S 

25.8 


2.5 


S 

44.8 


2.5 


18 



2.6 


S 

34.3 


2.5 


s 

29.3 


2.5 


s 

52.8 



2.5 

s 

141.0 

200.0 


2.5 

s 

87.6 

126.0 


2.5 

264 

79.0 

149.0 


2.5 

S 

79.0 

144.0 


2.5 

S 

28.1 

25.2 


2.5 

240 

112.0 

293.0 


2.5 

72 

158.0 



2.5 

S 

113.0 



2.5 

S 

26.7 



2.5 

S 

93.4 



2.5 

S 

26.5 



2.5 

48 

59.4 



• S = Survival. 


alents of CdClj with the exception that the Cd-mercaptide was slightly less 
toxic than cadmium itself (table 7). However, in contrast to Cd(BAL) 5 , of a 
total of 12 animals sur\-i\Tng the effects of 2.5 or 3.0 mg./Kg., in terms of CdCI:, 
only one showed a temporary elevation of KPK. Furthermore, only one of 6 
animals which sunived the dose equivalent to 5.0 mg./Kg. of CdCh e.xhib)tcd 
an elevated KPK. 
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The intravenous injection of either Cd-BAL glucoside or Cd(BAL glucosidejj 
revealed that each of these mercaptides was much less toxic than either CdClj 
or the mercaptides of BAL or thiosorbitol. The mercaptide of higher molecular 
weight, Cd(BAL glucosidejj was the less toxic of the two; none of 5 animals died 
foUoning doses equivalent to 15.0 mg./Kg. of CdCL. No animal receiving 
either mercaptide showed signs of renal impairment (table 7). 

The treatment of animals receiving Cd{BAL )2 with BAL. Additional informa- 
tion on the behavior of cadmium and mercaptans in vivo was obtained when 
animals receiving a dose of Cd(BAL )2 intravenously were treated 30 minutes 
later with a course of three injections of BAL given in the usual manner. These 


TABLE 7 

The toxicity of cadmium mercaptides of BAL, thiosorbitol and BAL glucoside following 
■intrauenous administration to rabbits 



• In animals surviving 48 hours. 


animals did not die acutely as did untreated rabbits given the same dose of 
Cd(BAL) 2 , but rather exhibited the same course as rabbits recehing 5.0 mg./Kg. 
of CdCb and treated prophj'lacticallj' with BAL. Of 16 animals only 4 suc- 
cumbed within the first 24 hours. All those which sur\nved for 48 hours or more 
showed marked elevations of serum NPN and eventually died. 

Discussion. It is clearly eAudent that n-hercas the presence of BAL diminishes 
the toxicity of cadmium for certain \'ital tissues it simultaneously enhances the 
toxicity of the metal for the kidney, A reasonable interpretation of tins compli- 
cation of BAL thcrapj’ stems from the obscrA-ation that suitable concentrations 
of the dithiol can react Avith Cd++in the physiological pH range to form a soluble, 
stable mercaptide, Cd(B.VL);. Presumably the formation of Cd(BAL); can 
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effectively direct significant amounts of the metal awa 3 ’- from those tissues upon 
which cadmium acts to cause early collapse and acute death. However, b 3 ’- 
virture of its solubility and the propensit 3 ' for metallo-organic complexes to be 
excreted by the kidney appreciable quantities of the mercaptide are made avail- 
able for glomerular filtration and tubular concentration. A significant degree 
of tubular absorption would result in concentration of the complex in the tubular 
epithelium and consequent intoxication of these cells due to the intracellular 
release of Cd++. 

The interpretation that Cd(BAL )2 can undergo intracellular decomposition 
into its components would seemingl 3 ’- belie its supposed stability. This ifiBculty 
may be resolved if the protective mechanisms of BAL therapy are visualized 
dynamically. Cd(BAL) 2 , while stable per se, must be considered as existing in 
equilibrium with small amounts of free Cd++ and BAL. M a consequence of this 
equilibrium and the probable susceptibility of BAL to intracellular oxidation — a 
fact attested to by the observation of Barron and coworlcers (10) that BAL is 
readily oxidized in vitro by the cytochrome C-cytochrome oxidase system — there 
is present in vivo a mechanism for the continuous destruction of Cd(BAL) 2 . So 
long as excess BAL is present intracellularly and in the circulation for a suitable 
period of time, the concentration of free cationic cadmiurn will remain low and 
cadzaium is oompiex iorm ndJJ eventvady dsd its way to the kidney. A sigziiS- 
cant reduction of tissue cadmium is thereby accomplished. The necessity of 
maintaining an adequate concentration of BAL over an extended period of time 
in order to remove cadmium from sensitive extrarenal tissues is apparent in the 
observation that the administration of Cd(BAL) 2 , equivalent in dosage to 5.0 
mg./Kg. of CdCb, results 'in rapid collapse and death typical of acute cadmium 
intoxication. However, most animals receiving such a dose of Cd(BAL )2 and 
subsequently treated with BAL escape acute intoxication only to succumb 
eventually as a result of renal insufficiency. 

It follows from the above discussion that tubular reabsorption of Cd(BAL )2 
will cause the accumulation of intolerable amounts of cadniium ■within tubular 
cells. Although in tubular cells the decomposition of Cd(BAL )2 may result from 
intracellular oxidation, a second mechanism of intoxication is conceivable. 

In their investigations ■with in vitro preparations of succipoxidase, Barron and 
Kalnitsky (5) found that the reversal by dithiols of hea'5’3’' metal inhibition be- 
came difficult at concentrations of inhibitors producing more than 90 per cent 
inhibition. For example, bismuth at a concentration of 1.2 X 10“' molar 
inhibited enzyme actmty by 87 per cent. The addition of a’ dithiol in the molar 
proportion to Bi of 1.6: 1 effected a 75 per cent reversal. However, when the Bi 
concentration w'as increased to 2.5 X 10“' molar, the resulting inhibition was 
95 per cent and the reversal by a 1.6: 1 proportion of dithiol ■was onli' 14 per cent. 
Thus, a two-fold increase in inhibitor concentration reduced markedly the effec- 
tiveness of the mercaptan. A similar mechanism may lead to the poisoning of 
tubular epithelium in which the concentrating action of thu normal processes of 
filtration and reabsorption may raise, intracellular cadmium levels to such a 
degree that BAL fails to render protective action. 

The above interpretation of the mechanisms involved in BAL therapy of 
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systemic cadmium poisoning does not imply that the dithiol mobilizes all of the 
cadmium which has gained access to the tissues of the intoxicated animal. Such 
a conception would fail to account for the differing results obtained udth pro- 
phylactic and delayed treatment. The fact that delaying the initiation of 
therapy reduces the e.xtent of renal damage indicates that in the absence of BAL 
significant amounts of cadmium are rapidly and irreversibly fi.xed in tissues whose 
function remains relatively unimpaired by the presence of the metal. Bunting 
and coworkers (11) have noted that much of the cadmium which gains access to 
the circulation following the exposure of dogs to aerosols of CdCb can be detected 
in healthy tissues throughout the body as late as 15 weeks after gassing. 

It would follow from the above discussion that a thiol, capable of forming a 
complex that ■would remain extracellular and not be reabsorbed by the renal 
tubule, would prove to be an effective therapeutic agent. In 'view of the fact 
that thiosorbitol is a thiol derivative of a hexitol which is not reabsorbed by the 
renal tubule (12) it might be expected that complexes of this thiol and heavy 
metals likeu-ise might fail to undergo tubular reabsorption. The data presented 
above are in agreement vith this concept inasmuch as treatment with this com- 
pound has not resulted in the degree of renal insufficiency characterizing treat- 
ment wnth BAL. Presumably, however, Cd(thiosorbitol )2 undergoes cellular 
decomposition inasmuch as the symptoms of acute cadmium intoxication follow 
the administration of the preformed complex. 

Despite the absence of enhanced renal toxicity, thiosorbitol proved even less 
effective than BAL in the delayed treatment of cadmium poisoning. It was not 
entirely unexpected that a monothiol, thiosorbitol, should behave in this manner. 
Indeed, it was the inadequacy of monothiols in reversing arsenic linkage with 
proteins that led British workers to the trial of dithiols as possible antidotes for 
lewisite poisoning (1). WTien considered in conjunction with pre^^ous investi- 
gations on the treatment of arsenical poisoning, the present results indicate that 
monothiols are likely to prove relatively ineffective in the treatment of poisoning 
caused by other heavy metals. 

The superiority of BAL glucoside as a therapeutic agent can in part be attrib- 
uted to the facility ■with which its mercaptides are e.xcreted by the kidne 3 '. If 
tWs were the onlj' mechanism involved in the greater efficacy of BAL glucoside, 
however, it would be difficult to account for the greatly decreased toxicitj' of its 
preformed mercaptides. In this regard it is reasonable to propose that the mer- 
captides of BAL glucoside are relatively stable in vivo bj' \drtue of cellular imper- 
meability’ to the dithiol. In order to account for the relatively low toxicity of 
the dithiol, Danielli and coworkers have already’ proposed that BAL glucoside is 
distributed cxtracellularly (9). 

The concept that BAL glucoside is mainly' limited to the extracellular fluid 
compartment is not contradicted by the observations that the agent is thera- 
peutically effective. Theoretically, it seems justifiable to consider that the intra- 
cellular combination of hca\-y metals with cellular proteins would be to some 
extent dissociable. Thus, small quantities of the free metallic ion would be in 
equilibrium with the metallo-protein compound and the equilibrium could be 
expected to extend beyond cellular borders. It follows then that an extra- 



100 


A. GlLilAN, F. S. PHILIPS, H. P. ALLEN' AND E. S. KOELLE 


cellular compound, like BAL glucoside, of high afBnit 3 " for the metal could 
disturb the equilibrium in favor of the effective removal of the metal from its 
intracellular combinations. Danielli and coworkers (9) have similarlj' accounted 
for the efficiacy of BAL glucoside. In addition they suggest that naturally 
occurring sulfhydryl substances like glutathion form mercaptides intracellularlj' 
and thus serve as intermediates in the diffusion of metals across cell membranes. 
Until further evidence appears in support of the latter hj'pothesis it seems reason- 
able to assume the diffusion of the metals as free ions. 

It is of interest to compare the antidotal actions of mercaptans with respect to 
their efficacj'' in the treatment of sj'stemic mercurj’^ and cadmium poisoning. 
Mercury, a highly nephrotoxic metal is innocuous in the face of BAL therapy (7) 
whereas cadmium exhibits only a negligible toxic action on the kidnej" unless in 
mercaptide form. In the case of each metal relatively stable mercaptides are 
formed with BAL and related compounds. The answer may lie in the relative 
dissociabhities of the mercaptides of cadmium and mercurj' formed with BAL 
on the one hand, and the sulfhydryl groups of essential enzj’mes on the other. 
Also to be considered is the possibility that Cd++ maj' catalj'ze the oxidation of 
the dithiols. 

I 

SUMMARY AND CONCLUSIONS 

1. Of a total of 44 mercaptans which were screened for their therapeutic 
efficacy in the treatment of systemic cadmium poisoning in the rabbit only 4 
compounds, the dithiols BAL and BAL glucoside, and the monothiols 1-thiosor- 
bitol and 1-thioxylitol, proved sufficiently promising to warrant more intensive 
investigation. 

2. The prophylactic administration of BAL to rabbits which received intra- 
venous lethal doses of CdCL resulted in the amelioration of the signs of acute 
intoxication. However, the therapj' was ivithout benefit due to the development 
of fatal renal insufficiency. When BAL therapj' was delayed 30 or 60 minutes 
following injection of cadmium, a significant reduction in mortality ensued. 
Here again acute cadmium intoxication was allaj'ed and animals which suc- 
cumbed e.xhibited extensive renal insufficiency. 

3. The administration of thiosorbitol or thio.xjditol, either prophylacticalb' or 
after a delay of 30 minutes following CdCL benefitted only a limited number of 
animals. Most treated animals succumbed acutely in a manner typical of acute 
cadmium poisoning. However, survivors did not show an undue incidence of 
renal damage. 

4. Therapy with BAL glucoside, whether initiated immediatelj' prior to or after 
a delay of 30 minutes following the administration of CdCh, successfully pre- 
vented poisoning in most animals. Furthermore, the incidence and degree of 
renal damage in surviving animals was significantlj' less than had previouslj' been 
observed following therapy with BAL. 

5. In order to elucidate the interactions which presumably occur between the 
mercaptans and cationic cadmium invtvo the reactions between BAL, thiosorbitol, 
and BAL glucoside and cadmium were studied t/i vitro. Tentative formulae have 
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been assigned to the mercaptides formed in vitro and the toxicities of several of 
• the complexes were determined by intravenous administration. 

a. Cd(BAL)3 proved to be as acutely toxic as Cd"*^ on a molar basis and in 
addition exhibited a marked nephrotoxic action. 

b. Cd(Thiosorbitol)2 was only slightly less toxic than CdCh and resembled the 
latter in that animals which were fatally poisoned succumbed acutely while 
survivors usually faded to develop signs of renal insufficiency. 

c. The mercaptides of BAL glucoside, Cd-BAL glucoside and Cd(BAL 
glucoside)2 were found to be no more than ^ or } as toxic as CdCL, respectively. 
Furthermore, relatively high doses of the mercaptides did not eiddence nephro- 
toxic action. 

6. In the light of the above results it was concluded that 

a. BAL interacts with Cd++ in vivo to form a mercaptide of low dissociation 
which is susceptible to intracellular oxidation but which, in the presence of excess 
BAL, directs the metal toward the kidney for excretion and thereby prevents 
poisoning of sensitive extrarenal loci; the mercaptide, however, by glomerular 
filtration and tubular reabsorption is concentrated in the epithelium of the renal 
tubule where intracellular oxidation results in the release of tome amounts of 
Cd++; 

b. BAL glucoside forms in vivo mercaptides of low' dissociation w'hich remain 
e.xtracellular, are directed toward the kidney for excretion, and are not reabsorbed 
in the tubule to the degree evidenced by Cd(BAL)2; 

c. The therapeutic inefficacy of thiosorbitol and thioxylitol in the treatment of 
systemic cadmium poisoning may be attributed to the decreased ability of 
nionothiols in general to reverse heavy metal linkage with sensitive proteins. 
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Cadmium poisoning, although sporadic following food contamination (1) (7), is 
most common and severe after exposure, mainly in industry, to the substance as a 
dust or fume (1) (2) (18) (20). Further, the disease produced by para-pulmonic 
administration is quite different from that following inhalation. Yet, until a 
careful review in 1932 (18) called attention to the situation, only a single experi- 
mental studj’' (14) dealt wth inhaled cadmium; and until now the reported work 
has been meager, although the general text books list Cd, Pb, Hg, As, Cr and Sb 
as the important metallic dust hazards (11) (18). Prodan’s experiments (19), as 
well as various clinical reports (1) (2) (4) (7) (18), emphasize symptoms, refer- 
able mainly to the lungs, partly to the gastro-intestinal tract, and pathological 
changes, in the lungs supplemented with limited damage to the liver and kidneys. 
No analysis of the basic chemical pathologj' was attempted nor was the possibilitj' 
of therapy explored. 

The present report deals primarily with the pathology and treatment, including 
specific therapy with BAL,’ of experimental poisoning by inhaled cadmium and is 
part of an extensive investigation.’ Details of exposure (21) and analytic meth- 
ods (23), of body distribution (17), of chemical action (16), and of functional 
disturbances (22) nill be reported separately; here, a minimum of such informa- 
tion is included for orientation. 

Methods. Cadmium was administered to unanaesthetized mice and dogs by inhalationi 
or occasionally by intravenous, subcutaneous or intraperitoneal injection. CdCIi was 
used mainly, but oxide or sulphide dusts were sometimes inhaled and other compounds 
injected. For exposure by inhalation, mice were kept for twenty to forty minutes and 
dogs for forty to seventy minutes in a 900 liter dynamic chamber into which a Cd solution 
was atomized or dust blown. Cd concentration in the chamber air was followed, in as- 
pirated samples, by colorimetric determination as CdS, particle counts, and Geiger counter 
measurements with Cd"*, which gave results in satisfactory agreement. An average 
Cd concentration in the range 0.04 to 0.14 mg./l. was used for mice; 0.06 to 0.21 for dogs. 
In therapy experiments, animals to be treated and their untreated controls were exposed 
simultaneously. 

For histologic study, tissues were fixed in 10 per cent neutral formaldehyde and routinely 
stained with hemotoxylin and eosin. Cd distribution in the body was followed b y mean s 

* This work was done as part of a contract, recommended by the Committee on Jfedical 
Research, between the Office of Scientific Research and Development and The University 
of Chicago. The experimental work reported here was done in 1943-44. 

5 B.4^Ii, British nnti-lewisite-2,3-diniercaptopropanol (15). 

> This team was one of four studying mechanism of cadmium poisoning in this country 
in 1943-44. The work led by Dr. E. S. G. Barron at The University of Chicago, Jlaj. A. Z. 
Gilman at Edgewood Arsenal, and Dr. H. E. Harrison at Yale can bo given only passing 
mention here (see 25). 
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of the radioactive isotope Cd“* (2.5 day half life), made available, along with counting 
equipment, through Dr. K. S. Cole. The many thiols tested were supplied by the National 
Defence Research Committee. 

Results. Physiological ■pathology in untreated animals. Following inhalation 
of CdCl 2 mists, dogs die early, within 48 hours or so, of pulmonary edema, or late, 
in a week to a month, with pneumonia and bronchopneumonia or fibrous pneu- 
monitis, anore-xia, bloodj' diarrhoea and wasting. 

The early deaths with pulmonary edema occur, on the average, about twelve 
hours after exposure. As blood fluid is lost to the lungs there is hemoconcentra- 
tion, and an accompan 3 ing rise (of over 40 per cent) in plasma protein concen- 
tration. The hematocrit reaches a ma.ximum about 10 hours after e.xposure, 
rising 50 per cent on the average but more than this in the earlier fatalities. Both 
changes are minimal in surviving animals and provide a basis for prognosis as to 
early death. Blood NPN is increased only in proportion to the hemoconcentra- 
tion. Arterial blood oxygen saturation falls to 50 per cent, on the average, and 
venous to 13 per cent at half an hour before death from edema. Respiratorj’’ rate 
increases markedly and temperature rises irregularly. An earl}' bradycardia 
passes over into tachycardia; arterial and venous blood pressures both fall, but 
rarely severely. The scleral circulation shows dilated arterial tips, open arterio- 
venous anastomoses, and an irregular, sluggish blood-flow. Erythroojies are 
moderately clumped intravascularly, but fragility is not abnormal.'* After 
death, fluid pours from the nose and mouth. Its average protein content, 5.3 per 
cent is about half the terminal plasma concentration. Lung weight, in the dog, 
averages 3.6 per cent of the body weight (normal 1.1 per cent), but ranges from 
1.5 to 5.5 per cent and correlates poorly with severity of exposure. In mice, 
lung w'eight at death is fairly uniform at 2 to 2.5 per cent of body weight (normal 
0.6 per cent); it rises progressively after exposure as edema develops. 

Prodan (19) has made similar observations on cats exposed to cadmium sul- 
phide or oxide dusts. After exposure to high concentrations the more severe 
symptoms are those leading to death from pulmonary' edema; in animals dying 
late after less severe e.xposures, the dominant lung effects are those of pneumonia 
w-ith some scar tissue formation. 

Structural pathology in untreated animals. Mice. The temporal sequence of 
pathological change after CdCk inhalation was studied in greatest detail in mice, 
" hich were sacrificed in groups at intervals up to 100 hours after e.xposure. The 
severity of each type of lesion was assigned an arbitrary' value and the average 
for each type was plotted against time (fig. 1). Although the quantitative limi- 
tations of such curves are obvious, they will be found of value in following the 
discussion below. 

The earliest recognizable lung change is perivascular, peribronchiolar edema, 
seen as soon as three hours after exposure and becoming progressively more 
marked for 36 hours or so. The bronchioles and bronchi appear to be encased 
in a thick sheath which is, in reality, perivascular connective tissue distended 

< For in nt’O observation of the capillary circulation wc are indebted to Dr. E, H. Bloch 
now nt Michael Reeso Hospital, Chicago. 
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with protem-containing fluid. Between 36 and 48 hours this edema may begin 
to subside, but inflammatorj’’ cells are then numerous. Alveolar edema, on the 
other hand, is seen first about 24 hours after e.\’posure, commonly around the 
alveolar ducts and atria, and during the ne.xt 24 hours it becomes diffusely dis- 
tributed throughout the lungs. 

Pulmonaiy infiltration by inflammatorj'' cells first appears after the perivascu- 
lar and before the alveolar edema. At 14 to 16 hours after exposure, poljunor- 
phonuclear leucocj'tes increase throughout the lung, first in alveolar walls and 
perivascular connective tissue, but later, marked in 36-48 hours, becoming most 


Ch^a/GCS iE'x'7/5'^ C^ANC-es 



Fig. 1. Heavy solid line-^Cd inhalation, no treatment. Double line — Cd inhalation 
•RAT, treated surAnvors. Thin solid line — Cd inhalation, BAL treated fatalities. Dotted 
line — interpolations on above. Dashed line — no Cd inhalation, BAL treatment controls. 


numerous in the bronchiolar walls, epithelium and lumina, and in the alveoli 
adjacent to bronchioles and alveolar ducts. As time goes on, fibroplasia and 
organization begin in these areas. Actual lobar consolidation, suppurative 
bronchiolitis and abscess formation may occur due to secondarj- infection of the 
damaged tissue. ^Macrophages and fibroblasts are slow to appear. Xo real 
change in the character of e.xudate occurs up to about four days after exposure. 

The fact that edema is first seen in the peribronchiolar, perivascular connective 
tissue and not until somewhat later in the alveoli, does not necessarily mean that 
it actuallv starts to form first in the peribronchiolar tissue. Pulraonarj' lym- 





PATHOLOGY AXD THERAPY ^TTH BAL OF Cd POISONING 


105 


phatics extend along peribronchiolar arterioles onl}' to the alveolar ducts (12), 
and edema fluid formed by leakage from alveolar vessels vould be drained away 
by these Ijunphatics. Progressivel 3 ’’ more heavily loaded, and almost surely also 
damaged b}^ the toxic agent, these Ijunph channels would soon reach their maxi- 
mum functional capacitj’ and then dilate and leak, thus producing the perivascu- 
lar, peribronchiolar edema. Perhaps onlj' then, when thej' could no longer 
successfully drain the forming edema fluid, would visible e.xudate begin to accu- 
mulate in alveolar structures. Alveolar vascular leakage ma 5 ’', thus, first mani- 
fest itself as edema of peribronchiolar connective tissue. 

Thj'mic and occasionally splenic lymphocytes begin to fragment at 16 to 24 
hours after e.xposure, the lymphorrhexis being essentially complete bj’’ 48 hours. 
Thjmic reticulo-endothelial cells undergo hypertrophy and hj^perplasia and 
phagccj-tize the cellular debris. The thjmus almost disappears and finallj' con- 
sists onlj’- of a few normal lymphocytes, scattered in reticulo-endothelial cells and 
connective tissue. Intestinal and gastric epithelial cells in the depths of the 
glands undergo non-specific reactive changes similar to those which occur after 
X-irradiation or poisoning with mustard gas or the nitrogen mustards. These 
consist of nuclear vesiculation and enlargement, condensation of chromatin into 
large nucleoli, and swelling and clearing of the cytoplasm. There is also a sig- 
nificant increase in the number of mitotic figures. Though starting early, these 
changes are not prominent until about 70 hours after exposure. The estimate 
(17) that over 95 per cent of inhaled cadmium is excreted (in untreated animals) 
into the intestinal lumen by the gut wall and the liver is significant in this con- 
nection. 

Xo consistent changes were found in the heart, liver, spleen, bone marrow, 
adrenals, brain or kidney. 

Dogs. Although fewer dogs were examined, the temporal sequence of events 
after CdCl; inhalation appears to be much like that in mice. The lung damage 
seen was more severe than in mice; but this maj’’ have been due to a greater re- 
tained dose (dogs retain a higher percentage of inhaled particles (21)) and to 
preexistent lung infection. Polj'morphonuclear leucocytes and occasional 
macrophages appear everywhere and become numerous in the tracheal and sub- 
mucosal veins. Some cells infiltrate the epithelium, more the peribronchial con- 
nective tissue and bronchial musculature. Infiltration is maximal in the bronchi- 
oles, and may lead to occlusion of alveolar ostia. The bronchiolar epithelium 
frequently is necrotic or entirelj’’ sloughed off. Alveoli are usuallj' completely- 
filled with protein-rich edema fluid. The intestinal tract shows reactive changes 
similar to those described for the mouse, and the liver Kuppfer cells are more 
prominent than normally. The heart, kidney and spleen are normal in ap- 
pearance. 

Intraperitone.al administration of 1 to 10 mg. of Cd per kg. results in similar 
reactive changes in the intestine and swelling of the Kuppfer cells, whereas intra- 
venous administration of the same amount produces no typical structural 
changes. 
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As ■n’ill be seen, the structural pathology, like the body distribution of Cd, is 
markedly changed by therapy ivith BAi. 

Therapy. Rationale. The action of cadmium ions on animal tissues was 
assumed to be analogous to that of other heavy metal ions, ivhich combine with 
tissue protein carbo.xyl or sulfhydryl groups (15) to form insoluble metal protein- 
ates or mercaptides and so impair enzyme and other cellular function. Dithiols 
had been demonstrated (15) to be effective in preventing or reversing such com- 
bination in the case of As and were a firet choice in seeking a specific therapy for 
Cd. BAL proved effective at once (July, 1943), but with a lower margin of 
safetj' than for As. Further extensive study, therefore, was made of dosage, of 
other thiols (monothiols have some value, unlike the case for As), of non-thiols 
and of chemical mechanisms. Cd, for example, inhibits some — SH enzymes but 
spares others (3) (16); and its in vitro action is reversed to varying degrees by 
thiols. Actually, BAL proved to be the most satisfactory agent for treating Cd 
poisoning, as it had earlier for As (15) and did later for Zn (8) and Hg (9a). 

Presumably cadmium is removed from vital tissue components by transforma- 
tion into 

H H H 

HC C— COH 



(Cd-BAL), and this is excreted mainly through the kidnej's (17). Cd-BAL was 
prepared (16) and, as expected on the basis of stability and insolubility, proved 
far less toxic than CdCL. The latter, given intraperitoneally in a dose of 10 mg. 
Cd per kg., killed 90 per cent of the mice within 24 hours; whereas 33 mg. Cd per 
kg., given as Cd-BAL, killed none and 55 mg. per kg. killed only 20 per cent. A 
soluble Cd(BAL) 2 , however, was found to be highly toxic to the kidney (9b). 

Toxic effects of BAL alone. Mice tolerate single doses of 40 mg. of BAL per kg. 
given intraperitoneally or intramuscularly (table 1). There are no signs of acute 
poisoning at this dose. Delayed deaths were seen in some early experiments, 
probably due to use of infected mice (p-typhoid). Four 40 mg. doses (table 2), 
given at three hour intervals, kill 5 to 10 per cent of the animals, the deaths occur- 
ring within a few hours. Dogs (table 3) tolerate single doses up to 75 mg. per 
kg., given intraperitoneally or intravenously. When repeated four times at three 
hour inten^als, 30 mg. per kg. may cause some late deaths (1-3 weeks); 37 mg. 
per kg. so repeated may be fatal in a day. 

BAL acts somewhat more rapidly following intravenous or intraperitoneal than 
intramuscular injection. On percutaneous inunction in dogs or mice (solution or 
ointment) , larger amounts of BAL are necessary to produce toxic effects; a dose of 
100 mg. per kg. given in a jelly base is well tolerated, and even six such dosesat 
two hour intervals do not lead to acute deaths. Given by stomach tube, 120 
mg. BAL per kg. is well tolerated b 3 ' mice, but even 40 mg. per kg. repeated 4 
times kills about 40 per cent of the animals in 5 daj's. Two dogs died following 
administration by stomach tube of two doses of 62 or 124 rag. per kg. at a three- 
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hour inten’al. Mice appareatly can tolerate 30 to 40 minute exposures to atom- 
ized BAL in concentrations of 0.3 to 0.6 mg. per liter. More severe exposures 
cause some deaths. Atomization with air does not destroy sulfbydryl groups. 

Details concerning the use of BAL in arsenical poisoning in humans have been 
published (24) (25). It is given intramuscularly, as a 10 per cent solution in oil, 
0.025 cc. (2.5 mg.) per kg. repeated 4 times at 4 hour intervals during the first day 


TABLE 1 

Toxicity of BAL for mice — single dose 


NO. OT MICE 

Z>OSE 

SOX3TE 

rEl CEKT MOatAUTY 

2 days 

5 days 

3 

mt./it' 

40 

Intravenous 

0 

66 

3 

80 

Intravenous 

0 

33 

3 

120 

Intravenous 

66 

100 

39 

12 

Intraperitoneal 

16 

33 

44 

25 

Intraperitoneal 

15 

68 

60 

SO 

Intraperitoneal 

25 

35 

37 

75 

Intraperitoneal 

50 

72 

17 

100 

Intraperitoneal 

77 

77 

31 

75 

Intramuscular 

32 


20 

100 

Intramuscular 

75 

. . 

75 

2 

40 

Oral 

0 

0 

2 

80 

Oral 

0 

0 

2 

120 

Oral 

0 

0 

10 

25 

Percutaneous 

20 

40 

10 

50 

Percutaneous 

0 

0 

10 

100 

Percutaneous 

0 

30 

5 

8 (0.8 X 10)t 

Inhaled 

0 

0 

10 

13 (0.3 X 44) 

Inhaled 

0 

0 

5 

21 (0.6 X 35) 

Inhaled 

0 

0 

6 

27 (0.45 X 60) 

Inhaled 

80 

80 

6 

40 (0.50 X SO) 

Inhaled 

17 

17 

6 

80 (0.40 X 200) 

Inhaled 

0 

0 


* BAL given in 0.2 cc. caline, e^cept oral 0 4 cc. 
t Notation indicates — concentration X time (mg./l. X mins.). 


and once daily for the following six days. Minor toxic reactions, suchas nausea, 
generalized aches and pains and a burning sensation in the mouth and eyes, occur 
in about 1 per cent of the cases, but disappear within 1 to 4 hours. Comparable 
but more severe symptoms are shown by dogs dying a few hours after BAL ad- 
ministration. There is an initial period of decreased irritability followed by 
vomiting, Inchrymation, dyspnoea, convulsive seizures, ataxia, hyperpnoea.and 
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salivation alternating ivith periods of comparative normality. Death usually 
occurs as a result of respirator}’- arrest in a convulsive seizure. Essentially simi- 
lar findings have been reported for cats (5). Dogs given BAL orally may also 
have rather -violent diarrhoea. A few dogs died several -n’eeks after BAL injec- 
tion, but not certainly because of BAL, -with severe emaciation, depression, and 
terminal con-vulsions. Symptoms are more difficult to evaluate in mice, but 
toxic doses lead to depression of acti-vity followed, in animals given high doses, 
by increased irritability, muscle tmtching, gross con-vulsive seizures and death. 

J ejunal pathology produced by BAL alone is much like that induced by Cd, but 
there is far less reactive change in the gastric mucosa. The jejunal reactions are 

TABLE 2 


Toxicity of BAL for mice — repeated doses 


NO or 



AMOUNT GIVEN 

SOUTE 

EEE CENT 
MORTALITY 


Each 

dose 

No. of 
doses 

Dose 

inlen.’al 

Days given 

2 days 

5 days 

30 

vtt./H- 

do 

3 

Ars. 

3 

1 

Intraperkoneal 

m 


12 

40 

4 

3 

1 

Intraperitoneal 

li 

H 

24 

20 

6 

2 

I 

Intramuscular 


17 

8 

20 

6,2 

2, 12 

1, 2nd, 4th 

Intramuscular 


12 

25 

20 

6,4 

2,3 

1, 2nd, 5th 

Intramuscular 

20 

28 

5 

25 

8 

2 

1 

Intramuscular 

Bli 

10 

53 

40 

4 

3 

1 

Intramuscular 

6 

4 

24 

40 

3, 2, 1 

3, 6 

1, 2nd, 3rd, 4th 

Intramuscular 

4 

20 

5 

40, 20 

1. 4 

2 

1 

Intramuscular 


20 

5 

40, 20 

1. 4 

2 

1 and 3rd 

Intramuscular 


40 

5 

40, 20 

1,4 

2 

1 , 3rd and 5th 

Intramuscular 


100 

5 

40, 20 

1.4 

2 

1 and 5th 

Intramuscular 

0 

20 

5 

40, 20 

1,4 

2 

1 and 7th 

Intramuscular 


20 

9 

40 

4 

3 

1 

Oral 

10 

45 


marked for only a short time, at about 48 hours after administration (compared 
with 70 hours for Cd), after which they subside. 

Effect of BAL on mortality from cadmium poisoning. Almost all (94 per cent) 
mice given 10 mg. Cd per kg. intraperitoneally die within 24 hours if untreated 
(table 4). In early e.vperiments, repeated doses of BAL given intramuscularly 
prevented 50 per cent of such deaths at 24 hours, and 30 per cent of the mice were 
alive at 5 days. In the final e.xperiments, when an optimal course of BAL treat- 
ment had been developed, 7 per cent of the untreated animals and 93 per cent of 
the treated ones were alive at 14 days after cadmium inhalation (table 5). 

In the search for a satisfactory course of BAL therapy, 2500 mice were e.xposed 
to CdCl- for an average of 30 minutes (range 20 to 40) at an average Cd concen- 
tration of 0.15 mg. per liter (range 0.02 to 0.77). Subsequently, 1186 of these 
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animals were followed as controls on mortalitj’’, 13 14 were given varying courses of 
treatment with BAL (table 5). The overall results, ■nith all BAL experiments, 

TABLE 3 

Toxicity of BAL for dogs 






AlfOXTNT GIVEN 


S'DX'V'IVAI. 

DOCS 

Each dose 

No. of 
doses 

Bose 

interval 

Route 

Vehicle 


ms /is. 


hrs. 



hrs. 

6 

25-80 

1 


Intravenous 

Saline 

Lived 

1 

100 

1 


Intravenous 

Saline 

2 

1 

120 

1 


Intravenous 

Saline 

0.5 

2 

20 

4 

3 

Intravenous 

Saline 

Lived 

2 

25 

4 

3 

Intravenous 

Saline 

Lived 

4 

25-^0 

1 


Intraperitoneal 

Saline 

Lived 

1 

120 

1 


Intramuscular 

Saline 

4 

1 

13 

3, 5 

1,2 

Intramuscular 

Saline 

Three weeks 

1 

13 

14 

2 

Intramuscular 

Saline 

Lived 

5 

30 

4 

3 

Intramuscular 

Saline 

One to three 
weeks 

3 

40 

4 

3 

Intramuscular 

Saline 

9-22 

1 

SO 

2 

11 

Intramuscular 

Sah'ne 

Lived 

■1 

60 

2 

3 

Oral 

Saline 

■m 


120 

2 

3 

Oral 

Saline 


B 

120 

jn 


Intramuscular 

Saline 

3 


150 



Intramuscular 

Saline 

3 

H 

120 

■ 

■ 

Intramuscular 

Beeswax — Ses- 
ame oil 

Lived 

■ 

200 

■ 

■ 

Intramuscular 

Beeswax — Ses- 
ame oil 

12 


TABLE 4 

BAL treatment of cxtrapulmonic cadmium* poisoning in mice 
(Non-optimal course of BAL treatment) 


ho. or 
iccc 

BAL THEKAFV 

ZTX CC2TT U0ETAZJ7V AT SAYS 
INDICAIED 


Route 

Bose 



I 1 

2 

5 



ng.fkg. 


' hrj. 1 




70 


0 

nnm 


94 

94 

95 

GO 

Intramuscular 

40 


3 

45 

so 

66 

30 

Intraperitoneal 

40 

mm 

Immed. 

70 j 

83 

S3 


• All animals given 10 mg. of Ccl per kg. intraperitoncally as CdCU in saline. 


showed an c.xtra survival nith treatment; of 32 per cent at two days and 25 per 
cent at two weeks. Statistical analysis, by Dr. Sewall Wright (table G), con- 
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firmed the impression that 120 (—160) mgm. BAL per kg., given in 3 (—4) to 6 
(—8) divided doses over a 12 (—16) hour period, was about optimal. Smaller 
total amounts of thiol were less effective, distinctly larger amounts, deleterious. 
(In one series, sundval was somewhat better with 8 doses than nith the stand- 
ard 6.) BAL, 10 per cent in 0.9 per cent saline, was injected intramuscularly in 
all these tests. Such treatment prevented about three-fourths of the deaths 
expected by four days, half of those expected at two weeks. Aetually the thera- 
peutic results are considerably better than these data suggest, for many of the 
experiments were complicated by a tardilj’ recognized disease in the mice ob- 
tained from several of the suppliers. Due to a p-typhoid-like infection, the 
death rate in stock animals, kept under like conditions but given no Cd or BAL, 

TABLE 5 


BAL irealmcnl of mice poisoned by inhalation of cadmium chloride* mist 


KO. 07 laCE 1 

BAL TEERA7Y 

FUi CTS'T MORTALITY AT DAYS INDICATED 

mBM 

n 

HBI 

u 

stock Atrain 
60 

. . J 


0 

■ 

20 ‘ 

45 







■ngm 

None 

65 

85 

93 

95 


Varioust 

23 

49 

64 

70 

220 

None 

44 

75 

80 

84 

1S9 

20 mg./kg. intramuBcularly in sa- 
line every 2 hours for 6 doses 

' 8 

1 

18 

( 

t 36 

i 

44 

15 

20 mg./kg. intramuscularly in 
saline every 2 hours for 8 doses 

0 


20 

41 

15 

None 

53 

93 

93 

93 

15 

20 mg./kg. intramuscularly in 
saline every 2 hours for 6 doses 

7 

7 

7 

7 


* Aver, ronc’n. Cd, = 0.J5 mg,/].; aver, e.v'posure = 30 minutes, 
t Exploratory experiments to determine optima] course of treatment. 


was at times as high as 3.1 per cent per day. As shown in figure 2 and table 5, 
deaths due to Cd are essentiallj’^ complete at four days and, at this time, over 80 
per cent of the e.xpeoted Cd deaths were prevented by BAL treatment. Later 
deaths in the Cd-poisoned, BAL-treated group were actual^’ at a lower rate than 
in the stock animals. Further, the Jung pathology in nil these later casualties 
was that of pneumonic infection and not related to the cadmium picture. Finally, 
a series of experiments with presumabB" healthy mice gave an end result of 7 per 
cent untreated and 93 per cent treated mice suni\-ing (table 5). 

Treatment must be instituted soon after e,\-posure, 1 to 3 hours, to be effective 
(table 6) . B.AL, begun 3 to 6 hours after e.xposure in a few e.xperiments, had but 
a dubious effect in mice and, begun between 6 and 12 hours, seemed actually to 
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hasten death. A single dose (20 to 40 mg. per kg.) increases survival time and 
number, but is definitely less effective than a course of injections. BAL given 
orally (stomach tube) or percutaneously (abdominal skin) is also less effective for 
mice than when injected intramuscularly. Atomized BAL is ineffectual in both 
dogs and mice. BAL given as a prophylactic (one injection of 40 mg. per kg.) 
before exposing mice to CdCL mist is distinctly detrimental (table 6). It leads 


TABLE 6 

Analysis of BAL treatment results 


tmatmevt 

BAL 

NO. or DOSES 

n 

H 

a 

H 

lu 

O 

d 

z 

P 

h p 

« % 

M 

fit 

sraVIVAt AT 
roxnt days; ueak 
± S E. (■niANs. 
rOKMED scale) 

CONCLUSION 


mtJ 








H- 







Normal control 

0 

0 

6 

93 

79.2 ± 5.3 



Cadmium control 

0 

0 

25 

15 

20.4 ± 2.4 



BAL control 

20-40 

varied 

15 

so 

67.4 ± 6.0 


BAL deleterious bj' itself. 

BAL therapy 

40 

2 or 3 

5 

77 

64.4 ± 6.5] 


[2 or 3 doses of 40 mg./kg. 


20 

6 

12 

76 

63.2 ± 4.2 


< or about 6 doses of 20 


40 

1 

6 

72 

58.5 ± 5.9J 


( mg./kg. is effective. 


20 

3 or 4 







20 

7 to 10 

4 

67 

56.3 ± 7.2] 


[more than 6 doses of 20 


40 

4 

10 

57 

48.4 ± 4.6| 


< mg./kg. is probably 


40 

2 or more 

M 

55 

48.2 ± 4.61 


( deleterious. 


20 

several 

H 






20 

2 to 4 

2 

53 

46.5 ± 10.2 


2-4 doses of 20 mg./kg. is 

1 




i 



i not enough. 


6-12 

6 

3 

46 : 

43.0 ± 8.4 


6 doses of 6-12 mg./kg. is 








relatively ineffective. 

BAL (delayed) 

20-40 

3 or 4 

9 

22 

25.3 ± 4.6 


BAL ineffective if de- 








layed. 

BAL (prophylaxis) 

40 

1 

3 

2 

5.0 ± 8.4 


BAL deleterious as pro- 








phylactic. 

BAL intraperit. 

■1 

3 to 6 

12 

69 

57.9 db 4.4 

Oral administration seems 

and intramusc. 

■1 






least effective, but dif- 

BAL intramusc. 


2 or more 

19 

59 

49.6 ± 4.2 

ferences of doubtful 

only 

m 






Significance. 

bAL oral only 

m 

4 

4 

55 

|45.8± 6.5 



N.B. Although this analysis was made before all the data were available, it reflects the 
later data also. 


to more and to earlier deaths, presumably because BAL fixes 2 to 3 times as much 
Cd in the lungs as would othenvise remain there (17). 

BAL is rather less effective in treating dogs poisoned by inhaled CdCl-. Used 
near its tolerated maximum dose (30 mg. per kg. everj- 3 hours for four doses), 
dogs were worse with B.(VL than without; but when used in a lower dose (12.5 mg. 
per kg. repeated 6 to 10 times at 2 hour intervals) BAL improved survival. Of 
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19 dogs given BAL, 65 per cent lived over two n-eeks and 42 per cent lived indefi- 
nitely (over 8 weeks), as compared with 32 imtreated animals, all of which died, 
mostly in 3 to 5 daj’s. Further, the BAL-treated dogs which did die sundved, 
on the average, tnice as long as the untreated animals. Comparable results on 
dogs have been obtained bj' others (25). 

Effect of BAL on body distribution of cadmium. The- organ distribution of Cd, 
administered ■ndth and without treatment, has been followed by using the radio- 
active isotope and more or less standard tracer technique (17). Over half of the 
inhaled CdCk has passed bej'ond the lung by the end of a 30-minute e.vposure 
period. Cd continues to leave more and more slowl3’' for about two days, when 
half the initially^ retained amount has left. The curve of per cent loss is similar 
for all initial lung concentrations. When CdS dust is inhaled, however, the 



Pig. 2. Effect of Sfontaneous Death Rate in Unhealtht Stock Mice on Apparent 
Therapeutic Effect of BAL 

insoluble particles leave the lung extremely' slowly. If B-AJL is present at the 
time of Cd inhalation, the Cd is fixed in the lung, presumably as insoluble Cd- 
BAL, and over twice the absolute amount of Cd is found there at the end of 
exposure or at any subsequent period. This is associated with increased lung 
damage. B.AL given after Cd exposure, despite the fact that it materially de- 
creases lung damage, neither accelerates nor delays Cd loss from the lung. 
Prophj’lactically administered BAL apparently does damage by holding a large 
amount of Cd for slow release to lung tissue, while therapeutically administered 
BAL, reaching the lung after much of the Cd has left, diverts Cd already com- 
bined with lung tissue constituents and then releases it slowly enough so that 
most is removed. The mechanism of B.AL action on lung Cd content and 
pathology' deseives further study. 
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In the untreated animal, most of the Cd that passes from the lung and is not 
fi\ed elsewhere eventuallj' leaves the body via the gastro-intestinal tract. Little 
is e.xcreted through the kidneys. Treatment with BAL, however, definitely shifts 
excretion in the direction of the kidney. This is reflected in a changed pathologi- 
cal picture. 

Effect of BAL on structural pathology. BAL alters the pathological changes 
produced in mice by inhaled Cd, as shown in figure 1. Perivascular, peribron- 
chiolar edema still occurs, but to onlj'^ about half the e.xtent seen in untreated 
animals, and alveolar edema occurs minimally if at all. Edema is ma.ximal by 



Tig. 3. Lung Weight, Body Weight Ratio in Treated and Untreated Mice after 

Cadmium Inhalation 

about 3G houib and then regresses, until at 100 hours aftci exposure no sign of it 
remains. This sharp contrast to untreated animals (edema maximum at 50 
hours and not subsided by 100) is reflected in the ratio of lung n eight to bodi- 
"eight (fig. 3), and the more normal appearance of the treated lungs at all times 
after exposure (fig. -1). 

Tlie inflammatory rcsiionsc also dilfcn, from that in untreated animals, being 
less severe and diffuse. It remains locali/ed mainly to the pcribronehiolar, peri- 
vascular ronnertivo tissue and mucosa. The adjacent alveoli and atria arc 
infiltrated and contain polymorphonuclear leucocytes and macrophages. About 
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two days after exposure the leucocytes begin to disappear and macrophages 
become more prominent. Resolution takes place rapidly but is not complete, 
since fibroplasia and fibrosis of these regions do occur. The scarring is much less 
severe, however, than in the untreated cases. Many animals, both mice and 
dogs, develop secondary suppurative bronchopneumonia, bronchitis and lung 

id ^ # 


t/fVrR£AT£0 



r£>£AT£D 

C/A/r/i£A T£0 ^ 

4^ ^ ^ m 

77t£AT£0 

Fig. 4. Gross Appearance — Cd-Poisoneb Mouse-Lungs, with and without BAL 

abscesses, and these lesions are probablj' the main cause of late deaths. Proper 
anti-bacterial chemotherapy would almost surely decrease these. 

The reactive changes in the jejunal and gastric mucosae of mice, produced by 
BAL, alone or after Cd inhalation, appear earlier and are less intense and endur- 
ing than those seen after untreated Cd poisoning. In BAL-treated, Cd-poisoned 
mice, thvmic lymphorrhe.xis is minimal, but some atrophy of the gland takes 
place. Regeneration starts about 80 hours after treatment is begun. 
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BAL treatment of dogs poisoned with intraperitoneal Cd produces profound 
liver changes. The sinusoids become jammed vuth swollen Kuppfer cells, poly- 
morphonuclear leucocytes and manj'^ immature cells. Intravenous Cd followed 
by intravenous BAL produces intense renal changes in dogs. Epithelial cell 
nuclei in the distal convoluted tubules, Henle’s loop and the upper part of the 
collecting tubules are greatlj' enlarged and prominently nucleolated. Multinu- 


TABLE 7 

Toxicity of thiols — mice 


. ■ 

z 

< 

o * 
z 

COUPODM) 

VEHICLE 

SOtTTX 

TOIEBATP 
SIKCIE COSE 

TOLERATED RE 

mM/kg. 

PEAT 

.O 

1 

52 ; 

EC COSE 

Inter- 

\al 





pdf /kg. 




krs. 


BAL 

Saline 

Intramusc. 

0.4 

0.16 

6-8 

2 

4 

Cysteine hydrochloride 

Saline 

Intraperit. 

12 






5 

Ethanedithiol 

Saline 

Intramusc. 



0.05 

6 

2 

5 

1,3-dithioglycerol 

Saline 

Intramusc. 



0.05 

6 

2 

S 

Propanedithiol-1,2 

Saline — 

Intramusc. 




5 

2 



acaeia 








5 

Propanedithiol-1 , 3 

Saline — 

Intramusc. 



0.20 

0 

1 2 


1 

acacia 








10 

BAL saroosine methylene 

Saline 

Intramusc. 

0.8 






meroaptid 









6 

BAL glycine methylene 

Saline 

Intramusc. 

1.5 

0.43 

9 

In 73 


meroaptid 





1 



hrs. 

10 

2,3-dimercapto propyl 

Saline — ] 

Intramusc. 




6 

2 


acetate 

acacia 








5 

2,3-dimercapto propyl- 

Saline 

Intramusc. 

<0.4 






ethyl ether 









15 


Peanut 

Intramusc. 




S 

2 



oil 








19 


Undi- 

Percutan. 

<0.4 


4 

2 



luted 








5 

n- (2,3-dimercapto propyl) 

Saline — 

Intramusc. 



0.05 

5 

2 


carbamate 

acacia 








10 

Bis-S (N-cthylacetamido- 

Saline 

Intramusc. 

0.90 

0.32 

0 

2 


methyl) ether of BAL 













mg // 

mtfti 

mg /I 

mins 



9 

HSH 


Inhaled 

1 5 

20 

0 4 

30 

4 

2 

7 

Ethyl mercaptan 


Inhaled 

54 

10 

4.5 

30 

5 

2 


cleatcd cells and mitotic figures arc common, and the tubules contain hyaline and 
granular casts. The glomeruli appear normal cveept for some infiltration with 
polymorphonuclear leucoGj-tcs. Kidney damage under these conditions has also 
been seen by others (9). No renal pathology lias been obsci vod following BAL 
treatment of poisoning by inhaled Cd, altliough B.\L docs incre ise the Cd content 
of kidney and urine ns well ns of the gastrointestinal tract (17). 

Other thiols. Many thiols n ere prepared (25) as potential therapeutic agents. 
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and some fifteen have been tested for toxicity and therapeutic efficacy (tables 7 
and 8). In summary, none was demonstrated to be as effective as BAL, but 
none received comparably exhaustive study. Several combined BAL compounds 

TABLE 8 


Trealment of mice poisoned by inhaled cadmium chloride* with agents other than BAL 






T2EXT1CEKT 


PEJl CENT MOBTAUTT AT 
PAYS rNPrCATEPf 

AGENT 







4 


9 


u 

Dose 

o 

•o 

*3 

Dose Uiterv 2 l 

Route 

Controls 1 

V 

V 

H 

S 

a 

o 

U 

T) 

V 

e# 

V 

JS 

2 

c 

o 

U 

•o 

a 

BAL (for comparison). 

mUikt 

0.16 

6 

hit. 

2 

Intramuso. 

93 

1 7 

’ 9S 

1 7 

■ 9c 

1 7 

BAL glycine methyl- 
ene mercaptid. 

0.32 

6 

2 

Intramusc. 

1 

1 0 

88 

13 

88 

13 

bis - S(u - ethylacetam- 
idomethyl) ether of 
BAL 

0.16 

6 

2 

Intramusc. 

1 

7 

88 

7 

88 


2,3-diineroapto propyl 
ethyl ether 

0.20 

6 

2 

Intramusc. 

M 

34 

H 

H 

100 

87 

2,3-dimcrcapto propyl 
acetate 

Q.IO 

1 

1 


Intramusc. 

93 

63 

93 

80 


03 

1 , 3-dithioglycerol 

0.05 

6 

2 


93 

so 

93' 

93 

931 


Ethanedithiol 

0.05 

6 

2 

Intramusc. i 

93 

!l^ 

93 


93 


BAL sarcosine methyl- 
ene mercaptid 

0.40 

1 



■ 

93 

86 


88 

I 

Selenium dioxide 

4.8 X 10-< 

I 

1 Prophylaxis 

1 Intraperit. 

87i 

IE 

nrii 

S3 


53 

Hexamethylenetet- 
ramine ' 

140 

i 

I 

Prophylaxis 

Intraperit. 

93 

93 

1 

! 93 

93 

93 

93 

Sodium formaldehyde! 
sulfoxalate 

6.5 

1 

Prophylaxis 

Intraperit 

73 

73 

73 

73 

73 

73 

Sodium thiosulphate.. 

8.1 

1 


Intraperit. 

[TO) 


m 




Hexamethylenetet- 
ramine alliodide 

1.0 

1 

Prophylaxis 

Intraperit. 

73 

80 

73 


73 


4 inethyl-1,2 naphtho- 
quinone 

0.3 

1 

Prophylaxis 

Intraperit. 

93 

93 

93 

93 

93 

93 

Ethyl mercaptan J 

1 

9 

mins. 

10 

1 

Immediate 

Inhalation 

86 

47 

93 

66; 


66 

1 

4.5 

30 

4, 

3. 

1 

2 X on l8t, 
2ad, 3rd 
days 









* Exposed to 0 05 to 0.19 mg. Cd. per I. (as CdCU) for 20 to 40 mins, 
t Average number of mice per group, 15. 


— bis-S(n-ethylacetamido-methyl) ether of BAL, BAL sarcosine-methylene- 
mercaptid, and BAL glycine-methylene-mercaptid — ^tvere only one-quarter to 
one-half as toxic for mice, on a molar basis, as BAL : and the first and last of these 
gave high!}' encouraging results in treating mice poisoned by Cd inhalation. 
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Encouragmg results were also obtained with 2,3-diinercapto-propyl-acetate and 
2,3-dimercapto-propyl-ethyl-ether. With optimal dose, time and frequency of 
administration, some of these compounds might prove superior to BAL. Ethyl 
mercaptan administered by inhalation (9 mg. per liter for 30 mins, immediately 
after e.xposure, and 4.5 mg. per liter for 30 mins, repeated several times over 2 to 
3 days) also gave encouraging therapeutic results (table 8). 

Selmium. The therapeutic effect of selenium dioxide was tested (table 8) on 
the basis of a premously observed Se-As antagonism, even though no Se-Cd an- 
tagonism was seen (13). The formation of Se analogue of cysteine has been pos- 
tulated (13). This could then combine nith As, or Cd, and both metals be 
excreted as an As-Se-mercaptide. In Cd poisoned mice, Se did have a therapeu- 
tic effect and, unlike the thiols, could also be used prophylactically (table 8). 
One intraperitoneal injection of 3 mg. Se per kg. (as SeO:) before and after expo- 
sure, or an injection of 1 .5 mg. per kg. on the first and second days after exposure, 
saved about 40 per cent of mice which would othenvise have succumbed. Opti- 
mal dosage and route of administration were not determined. 

SUALUARY 

Animals fatally poisoned by the inhalation of Cd compounds die early (hours 
to a few days) ivith massb'e pulmonarj’ edema and symptoms mainly referable to 
anoxic ano.xia; later deaths (a few days to a week or so) occur as a result of diffuse 
pneumonia, sometimes n ith lung abscess formation; long delayed deaths (several 
■"■eeks to a month) occur with incompletely healed pulmonary lesions (mainly 
secondary infection), anorexia, occasional bloodj' diarrhoea and generalized 
'lasting. Symptoms referable to gastro-intestinal damage are common in all. 

Structural damage after Cd inhalation is most marked in the lungs, consisting 
ebiefly of early edema followed by later cellular infiltration, generalized pneumo- 
^fis, bronchiolitis, bronchitis and often mucosal sloughing, and still later b}' 
nealing and fibrosis. Epithelial cell reactive changes and increased mitoses are 
SMn m the gastric and intestinal mucosae; lymphorrhexis in the thymus. Other 
pfgans shoAV no consistent change except for marked Kuppfer cell swelling after 
intraperitoneally injected Cd. 

The dithiol BAL (2,3-diraercaptopropanoI) is therapeutically effectii’e in Cd 
poisoning, but is deleterious if given prophylactically for poisoning produced by 
inhalation. Injected promptly after exposure it can, in an optimal course of 
fopeated injections, reduce mortality from 93 to 7 per cent. It greatly amelio- 
^fes the stiuctural damage and markedly alters body distribution and route of 
O'cretion of Cd (lungs, kidneys, gastro-intestinal tract), as followed with the 
radioactive isotope Cd”^. In mice and dogs, BAL, to bo cfTcctivc, must be used 
in amounts near the tolerated maximum. The optimal and ma.ximum tolerated 
doses, for single and repeated administration have been studied, and a standard 
course of treatment for mice, based on a study of 2500 animals, is described. 

A number of non-thiols and thiols other than B.VL were examined, though less 
extensively, as potential therapeutic agents. Pevcr.al are effective and further 
study might reveal some to be superior to BAL. One of tlic-'-c substances, sele. 
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nium, is also effective prophylacticall3'^ as well as therapeutically. , The use of 
selenium merits further exploration. 
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the efficacy of 2,3-DIMERCAPTOPROPANOL (BAL) in the 
THERAPY OF POISONING BY COMPOUNDS OF ANTIMONY, 
BISMUTH, CHROMIUM. MERCURY AND NICICEL 

HERBERT A. BRAUN, LEHMAN M. LUSKY and HERBERT 0. CALVERY 

Division of Pharmacology, Food and Drug Administralion, Federal Security Agency, 

Washington, D. C.' 

Recent investigations of the biochemistry of the dithiol BAL by Barron and 
Kalnitsky (1) indicate that arsenicals interfere with tissue respiration by inhibit- 
ing the action of a large group of SH enzymes involved in carbohydrate and fat 
metabolism. These investigators working with the SH-containing enzj'me suc- 
cinoxidase showed that in mtro the toxicity of such heavy metals as Pb, Sb, V, 
Bi, Cd, Hg and Zn is due, as in the case of As, to the inhibition of the SH enzymes. 
BAL and some related compounds reversed these inhibitions. In view of this 
concept, it is of interest to determine whether BAL is of therapeutic value in the 
treatment of heavy -metal poisoning in the intact animal. 

The successful treatment of Lewisite bums xvith BAL led us to investigate the 
therapeutic effectiveness of this dithiol in acute intoxications caused by com- 
pounds of the following metals: Sb, Bi, Ni, Cr, Hg, Pb, T1 and Se. 

Phocedure. Rabbits weighing between 2000 and 3000 gms. were selected. 
The animals were obtained from several sources and consequently could be ex- 
pected to give a heterogeneous response to the to.xic substances. The se.xes were 
approximately equally distributed. 

In our experiments, control and treated groups of animals were run in parallel. 
H the control animals, a single toxic dose of the metallic compound was injected 
intramuscularlj’’ into the gluteal muscles of the right leg. The treated animals 
received a similar injection of the metallic compound and in addition were given 
a freshly prepared, 3 per cent, aqueous solution of BAL by injection into the glu- 
teal muscles of the left leg according to the following schedule. A dose of 30 
mg./kg. of BAL was administered one hour after the administration of the to.xic 
substance; doses of 15 mg./kg. of BAL were administered six, twenty -four and 
forty-eight hours thereafter. There were certain exceptions to this course of 
treatment as will be noted below. The animals were kept under observation for 
30 days and all deaths nithin this period were included in the results. 

BAL is not an innocuous compound. When injected intramuscularly in the 
rabbit it has an LD50 of 99 mg./kg. In a series of subacute experiments in which 
BAL was administered intramuscularly daily for 12 days, we have determined 
that the rabbit nill tolerate a daily dose of 10 mg./kg. without manifesting toxic 
symptoms. At a daily dose of 15 mg./kg., one of 10 animals died on the trvelfth 

* A portion of the funds used in this investigation was supplied by a transfer, recom- 
mended by the Committee on Medical Research, between the Office of SeientiSc Research 
and Development and the Division of Pharmacology of the Food and Drug .^dministration. 
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day and the majority of the rabbits showed losses of weight amounting to as much 
as 300 gms. 

Dosage-mortality curves were constructed in all cases according to the method 
of Bliss (2). The LD50 for the control animals was selected as the most useful 
measure of the toxicity of the compounds under study, and the success of treat- 
ment w'as judged in each case b 3 ’’ the extent to which the LD50 for BAL-treated 
animals departed from this value. 

Experimental. Antimony. Antimony compounds have been e.xtensively 
employed during the war especiallj' in the tropics ivhere they were used for the 
treatment of leishmaniasis, filariasis and schistosomiasis. Antimonj' poisoning 
may be readily produced bj^ the improper medication with any of the available 
antimonials. 

In our investigations of the protective action of BAL in acute antimony poison- 
ing, 3 Compounds were utilized, namely, an organic antimony salt — antimony 
tartrate, a trivalent organic antimony compound — ^Puadin, (Sodium antimonj' 
biscatechol disulfonate of sodium), and a pentavalent compound — ^Neostam 
(nitrogen gluooside of sodium p-aminophenylstibonate). 

The control am'mals show'ed no striking symptoms but became apathetic. 
When death occurred in either the control of treated rabbits, it was in from two 
to six'days. Animals surviving this period recovered completely. The data m 
table 1 demonstrate the protective action of BAL against acutely to.xic doses of 
compounds of antimonjL With the administration of BAL, the tolerance of the 
rabbits to lethal doses of compounds of antimony was increased more than 50 per 
cent. BAL is effective not only against organic salts of antimony but also against 
organic trivalent and pentavalent antimony compounds. 

Bismuth. In order to evaluate BAL as treatment in acute bismuth poisoning, 
a wmter-soluble salt sodium, potassium bismutho tartrate wms utilized. It is an 
established fact that water-soluble bismuth salts are rapidlj’’ absorbed and con- 
sequently they are the most to.xic group of bismuth salts used medicinally. Ab- 
sorption occurs rapidlj^ from the site of injection and after 10 days we were able 
to detect only traces of the metal in the gluteal muscles. Death, when it oc- 
curred, w'as in from two to nineteen days ivith the greatest mortality from the 
second to the sixth day. The control rabbits displaj’^ed a loss of appetite with a 
consequent loss of w'eight and died in coma with the usual uremic symptohis. 

We were unable to detect any marked increase in either urinary volume or 
total bismuth excretion in the treated animals. However, BAL did protect the 
kidnej’^s of the treated animals. At autopsy’’, the kidnei'’s of the animals of the 
control group were severelj' damaged as shown by marked enlargement, a pale 
grayish bro'vn color, and grittiness when cut. Grosslj', the kidnej^s of the 
treated animals wnre essentiallj' normal. This was confirmed bj' microscopic 
sections in several instances. At the to.xic level of 70 mg./kg. of sodium potas- 
sium bismutho tartrate, the total percentage output of bismuth excreted over 12 
days as determined bj' Leonard’s method (3) was greater than that excreted at 
the subtoxic leinl of 50 mg./kg. 
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The protection afforded by treatment with BAL in rabbits acutely poisoned 
idth bismuth is demonstrated in table 2. The LD50 for the control group is 55 
/kg. compared with an LD50 of 85 mg./kg. for the treated animals. 
Chromium. In our studies to evaluate the efficacy of BAL in the treatment of 
heai’j’ metal poisoning, we have found it to be an effective treatment for lethal 


TABLE 1 


Effect of BAL on acute anttmony poisoning in rabbits 


WUPOUKT) 

MET Sb 

COKTJtOI. 

TREATED 

No of 
animals 

No survived 

Per cent 
sur\ ivcd 

No of 
anmials 

No survived 

Percent 

survived 



Antimony tartrate 




/kt 




1 



1 

1 

50 

15.30 

5 

5 






18 4 

6 

5 

83 




75 

23 0 

8 

3 

38 





30 6 

11 

3 

27 

t 


1 

125 

38 3 

8 

2 

25 

15 

12 

80 


45.9 

11 

0 

0 

14 

7 

SO 

176 ] 

53.6 

5 

0 

0 

12 

6 

50 


61.3 

5 

0 

0 

15 

7 

47 

j 


[ LDfio 90 mg./kg 

LDic 

1 = 160 mg /kg. 

Euadin 

■on 

10.0 

12 

1 

8 

16 

15 

94 


12.5 

4 

0 

0 

3 

3 

100 


15.0 

5 

0 

0 

7 

4 

58 


17.5 

2 

0 

0 

8 

3 1 

38 


20.0 

5 

0 

0 

25 

5 

20 



j LDsfl « 91 mg /kg. 

j LD« « 162 mg /kg. 


Neoatam 


60 

12.1 

3 

3 

100 




100 

24.2 

11 

4 

36 

10 

9 

90 

ISO 

36 2 

11 

5 

45 

10 

6 

60 

175 

42 3 

11 

1 

9 

10 

5 

50 

200 

48 3 

6 

0 

0 

12 

3 

25 

225 1 

54.4 

6 

0 

0 

12 

3 

25 

250 

CO 4 

3 

0 

0 

12 

3 

25 



LD, 

0 = 91 mg /kg j 

JLiiJso 

= 174 mg /kg. 


doses of chromates in rabbits. Chromium compounds have long been regarded as 
industrial hazard in the mining of chrome ores as uell as in those branches of 
industry utilizing chromates, namely, in dyeing, plating and electrotyping. 

Potassium chromate was used to produce the acute chromium poisoning. Due 
to the severe nephrotoxic action of this salt, it vas necessary to modify the pro- 
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cedure used heretofore. Treatment with BAL was continued over a period of 9 
days. During the last 6 days, 7J mg. of BAL/kg. was administered daily. 

Treatment ■with BAL must be started ■nithin 1 hour after the administration of 
the potassium chromate if it is to be therapeutically effective. Animals receiving 
the chromate showed anorexia, loss of weight, and died in a coma. Death oc- 
curred in from two to eight days after the administration of the potassium 
chromate. 

The dat^ in table 3 would indicate that in rabbits treated with BAL the fatal 

TABLE 2 


Effectiveness of BAL in the treatment of acute bismuth poisoning in rabbits 


SALT 

un. Bi 

CONTKOL 

TKEATEP 

No. of 
animsls 

No. survived 

Per cent 
survived 

No. of 
animals 

No. survived 

Per cent 
survived 


ns./ti. 









7 

6 

88 

6 

6 




8 

1 

13 

4 

4 


BH 

28.5 

7 

0 

0 

8 

7 

88 


32.8 

6 

0 

0 

10 

7 



36.9 

6 

0 

0 

10 

5 

SO 


41.0 

12 

0 

0 

16 

2 

13 

110 

45.1 




5 

0 




LDio = 55 mg./kg. 

LD, 

= 85 mg.Ag- 


TABLE 3 


Effectiveness of BAL in the treatment of acute chromate poisoning in rabbits 


1 

SALT j 

UET. Cr 

COIfTKOt 

TZEATSO 

No. of 
animals 

No. survived 

Per cent 
survived 

No. Of 
animals 

No. survived 

Percent 

survived 

me./tt- 

rt[./is. 







10.0 

2.7 

3 

3 

100 




12.5 

3.4 

5 

3 

60 




15.0 

4.0 

8 

0 

0 




17.5 

4.7 

5 

0 

0 

8 

3 

38 

20.0 

5.4 

13 

0 

0 

8 

2 

25 

25.0 

6.7 

4 

0 

0 

12 

0 

0 



LDu 

«= 10.8mg.Ag-, 1 

LDm = 16 mg./kg. 


dose of potassium chromate is about one and one-half times that for untreated 
rabbits. 

N-ichel. Although salts of nickel are relativel}' unimportant from a therapeutic 
and toxicological standpoint, the effectiveness of BAL in combatting acute nickel 
intoxication was studied. Eighty rabbits, both control and treated animals, were 
injected with varj'ing doses of nickel chloride. Death supervened in from one to 
fourteen daj's, most frequently between the third and eighth days. 

It would appear from the results shown in table 4 that the tolerance of BAL- 
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treated rabbits to ■which lethal doses of nickel chloride were administered is in- 
creased more than 90 per cent. 

Mercury. Gilman, Allen and Philips (1) have reported the effectiveness of 
ML as an antidote for biehloride of mercury poisoning. Longcope and Leut- 
scher (1) have demonstrated this effect clinically. The evidence presented by us 
confirms the findings of Gilman and coworkers. 

in the case of chromium poisoning, it was found necessary to modify our 
procedure by initiating a 9-day course of treatment. During the last 6 days, a 

TABLE 4 


Efecliveness of BAL in the treatment of acute nictel poisoning in rabbits 


SAtT 

MET. Nl 

CONTROL 

TREATED 

No, of 
animals 

No survived 

Per cent 
survived 

No. of 
apimals 

No survived 

Per cent 
survived 

"I Us. 

ms./it. 







20 


6 

5 

84 




30 

13.6 

6 

3 

SO 




40 

18.1 

8 

0 

0 

10 

9 

90 

So 

22.6 

10 

0 

0 

10 

6 

60 

60 

27.1 

4 

0 

0 

8 

2 

25 

73 

34.0 

10 

0 

0 

8 

0 

0 



LDw « 27 mg.Ag* 

LDw 

= 52.6 mg./kg. 


TABLE 5 


Effectiveness of BAL in the treatment of acte mercury poisoning in rabbits 


SALT 

ICET 

1 

CONTROL j 

1 TREATED 

No, of 
animaU 

|No survived 

1 

Per cent 
survived 

No of 
animals i 

No. survived 

Per cent 
survived 

"f Ar. 








8 


6 

4 

33 




9 


5 

1 

20 

6 

6 

100 



5 

0 

0 


8 

73 

12 

8.9 

6 

0 

0 

10 j 

® i 

30 

15 

11.1 

6 

0 

0 

5 1 

0 1 

0 



1 LDw « 7.3 mg./kg. 

LD« 

= 11.75 mg./kg. 


^aily dose of 7^ mg./kg. of freshly prepared aqueous BAL was administered. 
Treatment ■i\ith BAL must be promptly started after the administration of bi- 
chloride of mercury. We were unable to save animals after more than one hour 
hod elapsed before treatment was instituted. Necrosis and dry gangrene were 
apparent distal to the site of injection in the control animals but this was not true 
‘n the case of animals treated with B.AL. 

Lead. Our investigations have led us to the conclusion that BAL is not an 
effective treatment of either acute or chronic lead poisoning. In the acute experi- 
ments, a single dose of lead nitrate wiis injected intraperitoneally and treatments 
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■ndth BAL (10 mg./kg. dailj') were administered intramuscularly for 10 days. 
Death occurred in from two to twenty-one daj^s with the greatest mortality from 
the fifth to the ninth day. The data indicated that the treated animals were 
more susceptible than the controls. 

Twenty-four rabbits were used in the chronic experiment. Fifteen mg./kg. of 
lead nitrate injected intraperitoneally was administered daily for 14 days. Fol- 
lowing the completion of these injections, 7 days were permitted to elapse before 
treatment with BAL was initiated. The series was divided into 3 groups of 8 
rabbits per group. One group of the animals received daily intramuscular injec- 
tions of 6 mg./kg. of BAL while to a second group a daily dose of 10 mg.As- 
was administered by the same route of administration. The third group was 
composed of the control animals which received no BAL. Within the 30-day 
pieriod of the experiment, all of the treated animals died while all the control 
animals survived. These experiments would tend to indicate that in both acute 
and chronic lead poisoning BAL has an additive effect. 

Thallium. BAL has no therapeutic efficac 3 ' in the treatment of acute thallium 
intoxication. In this investigation 74 rabbits were utilized at the various dosage 

TABLE 6 


Effectiveness of BAL in the treatment of acute lead poisoning in rabbits 


SAIT 


COKTSOI 

TX£AT£D 


1 Ko. of 
ftsimals 

No. survived 

Per cent 
survived 

No. Of 
aoimals 

No.sur\nved 

Per cent 
5ur\'»ved 

ml.Ht. 

mt./kt. 







80 


9 

4 

44 

10 

2 

i 20 

90 

56.3 

9 

3 

33 

10 

0 

0 

100 

62.6 

9 

0 

0 

7 

0 

0 










levels of the control and treated series. At the toxic doses of thallium sulphate, 
both the control and BAL-treated rabbits died in from 3 to 9 daj^s. Dailj’ ad- 
ministration of BAL to the treated animals was continued for the duration of the 
e.xperiment. A comparison of the average number of daj’s of sundval j’ielded no 
significant difference between the control and treated series. 

Selenium. The ineffectiveness of BAL as a treatment for selenium poisoning 
was demonstrated in both acute and subacute experiments. Sodium selenite 
was used as the source of the selenium. It soon became apparent in the acute 
experiments, in which 84 rabbits were used, that animals treated with BAL at 
toxic levels of Se were more susceptible than the controls. Animals receiving 0.8 
mg. Ag. of Se plus the BAL died in from two to six hours, while those of the con- 
trol series which received the selenium but not the BAL lived several days. 

This additive effect was even more marked in the subacute e.xperiment. Of 
16 rabbits, selected for this 30-daj' e.\periment, 8 servmd as controls and received 
intramuscular injections of 0.3 mg./kg. of Se daily. The remaining animals com- 
posed the treated series and received in addition to the 0.3 mg./kg. of Se 10 
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mg./kg. of BAL per day. All the animals of the control series survived the dura- 
tion of the experiment and gained from 200 to 800 gms, in weight. Six of the 8 
animals of the treated series died in from ten to fourteen days. The 2 surviving 
animals lost 300 and 400 gms. of weight respectively. 

StnvnLARY AND CONCLUSIONS ' 

1. The effectiveness of BAL as a treatment in heavj'-metal poisoning was in- 
vestigated on 1226 rabbits. 

2. BAL was found to be an effective antidote in acute poisoning caused by the 
administration of toxic doses of salts of antimony, bismuth, chromium, nickel 
and mercury in the rabbit. With the administration of BAL the tolerance of 
rabbits to lethal doses of compounds of these heav 3 ' metals was increased by at 
least 50 per cent. 

3. BAL was ineffective in the treatment of rabbits acutely poisoned b 3 ’ salts 
of lead, thallium and selenium. In the case of lead and selenium, the action was 
additive. 


REFERENCES 

1. Watebs, L. L., and Stock, C. C.: Science, 102: 601, 1945. 

2. Buss, C. I.: Quart. J. Pharm. & Pharmacol., 11: 192, 1938. 

3. Leonard, C. S.: This Journal, 28: 81, 1926. 





